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TIME 
October 2-6 


PLACE 


Convention Hall 
Detroit, Mich. 


EXHIBITS 


Many thousands of 
square feet of dis- 
plays, featuring the 
marvelous technical 
developments of this 
year of amazing 


progress. 


DETROIT .. international capital of Motor- 
dom..will open the gates of its vast and var- 
ied industrial plants to this year’s Metal 


Congress visitors. 


The opportunity that Detroit will thus furnish 
to observe and study both mass production 
and precision manufacturing is almost with- 


out parallel. 


Ideas gained from these inspection trips can, 
alone, easily pay liberal dividends on your 
entire trip to this year's Metal Congress, with 
all the other benefits of attendance so 


much velvet. 


GROUPS IN 
ATTENDANCE 


each holding its own 
individual series of 
important technica! 
meetings : 


THE WIRE 
ASSOCIATION 


AMERICAN WELD.- 
ING SOCIETY 


AMERICAN 
SOCIETY FOR 
STEEL TREATING 


IRON AND STEEL 

DIVISION, A. |. M.E 
INSTITUTE of METALS 
DIVISION, A. |. 


MACHINE SHOP 
PRACTICE DIVISION 
A.S.M.E. 


OCTOBER 2-6 
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Stainless steel everywhere! A photo from views 


loaned from the files of Electro Metallurgical Sales Corp. and Crucible Steel 
Co. of America. 
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Dr. Mathews, the author, needs no iaiaitiaiens to A. SS. 1. , for he is iain 


and admired by all for his preeminence in metallurgical - science and his 
engaging personality. 


FRIGID STEEL 


Alloys dependable for aircraft flying in -zero or liquid 
air apparatus are investigated by members of Carbide & Carbon Research 
Laboratories. 


What profits it if the pyrometer shows the correct temperature ial the work 
is at another? Mr. Scott describes an electric furnace which produces quite 
uniform heat distribution, as proved by pyrometric survey of charges of 
aluminum castings. 


MACHINABILITY 


O. W. McMullan, member of the Detroit pes again enantintes a 


paper for the annual convention, this time on proper cooling rates to im- 
prove machinability of nickel-molybdenum gear steel. 
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Yorker, graduated from Hamilton College in 1930. 
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THE TIMKEN STEEL AND TUBE CCMPANY, CANTON, OH!'! 


TRANSMISSION 


Increased engine power and higher car speeds are putting increasing burdens and responsibili- 


ties On transmission gears. 

It means that today’s gears must be capable of carrying greater tooth loads, and of offering 
maximum resistance to wear. 

Timken metallurgists have given a great deal of study to this problem. The results are shown 
in the endurance of transmission gears made from Timken Alioy Steels. 


Their uniform hardness, tooth strength, toughness and fatigue resistance are verified constantly 
by large users in exacting tests. 

Advanced metallurgical thought together with equally advanced methods of manufacture and 
quality control, assure the following essential characteristics in Timken gear steels: (1) Cor’ 
rect chemical analysis. (2) Accurate control of grain size. (3) Uniform physical properties. 
(4) Proper metallographic structure. (5) Satisfactory and uniform response to heat treatment. 
(6) Minimum and uniform distortion, reducing piloting, grinding and lapping to the varish- 


ing point. 


These qualities will enable you to produce better gears at lower finished cost. Isn't that what 
you need and want? Write for further data. 


District Offices or Representation in the following cities: 
PHILADELP! 


DETROIT 
NEW YORK BUFFALO 


BOSTON ALLOY “SYRACUS 
BOSTON SYRACUSI! 
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PONT CYANIDES 


are specified products 


DU PONT CYANIDES 


CYANEGG* 
Sodium Cyanide 96-989; 
ME. P. 1040° F. 


CYANIDE-CHLORIDE MINTURE 


Sodium Cyanide 75% 
M. P. 1094° F. 


CYANIDE-CHLORIDE MINTURE 


Sodium Cyanide 45% 
M. P. 1247° F. 

CASE HARDENER 
Sodium Cyanide 30% 


M. P. 1157° F. 


*Reg. L. S. Pat. Off 


-for CASE HARDENING 


Liquid baths of du Pont Sodium Cyanide are easily 
applied and simply controlled for the production cy 
of a hard, durable case of any desired thickness ¥ 
up to approximately 0.015 inches. Time require- ; 
ments are at a minimum — surface hardness and 


wear resistance at a maximum. 


- for CYANIDE REHEATING 


The du Pont Cyanide Bath is the ideal heat-treat- 


ing medium for finished machine work. In ad- 


dition to greatly improved surface hardness and % 
wear resistance, finishes are maintained and at- ; 


tractive surface colors may be developed when 
properly quenched. This bath also is used with 
satisfactory results in refining the core after pack 


carburizing. 


For more complete information on the uses of du 
Pont Cyanides, write for our descriptive booklet... 


“Heat Treatment of Steels with Cyanides and Salts.” 


Our representatives will be at the National Metal Congress 
and Exposition at Detroit, October 2-6. They are at your 


service for consultation about your heat-treating problems. 


KIL Chemicals 


The R. & H. Chemicals Department 
E. |. DU PONT DE NEMOURS & COMPANY, INC. 


District Sales Offices: 


Kansas City Newark 
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John A. Mathews, Vice President 
ble Steel y of America 


MODIFICATIONS 


OF 18-8 


N ACCEPTING invitation to discuss 

alloy modifications of the well-known 18°, 

chromium, 8‘ nickel stainless steel, it is 
difficult to decide how far afield one should go. 
18-8 itself is a “modification” of the older Krupp 
V2A alloy (which may be represented by 20°, 
chromium, 6° nickel). It is of interest that 
in this country, at least, the “modifications” 
antedate the “type.” for the earliest oxidation 
resistant steels made by Charles M. Johnson at 
the Park Works, Pittsburgh, contained silicon as 
an essential constituent. These investigations, 
started early in 1917, explored the field between 
IS and 20°, chromium and 5 to 12% nickel with 
additions of various other elements. Based on 
lis work, an alloy later known as “Rezistal No. 
2" was developed — the 18-8 ratio of chromium 
and nickel plus 2 to 3‘ silicon. 

Of late years many varieties of 18-8 have 
been developed for special applications. It is 
Hot simply a case of “adding this to that”; it 
requires experience and research. In all cases 

isa matter of suitably balanced proportions 
carbon, nickel, chromium, and some other 
lal. For example, with given carbon: chro- 
im:nickel ratios, increasing silicon promotes 

formation of delta iron. With very low 


rbon, even 1.0%, may sullice, while with high 
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carbon (0.20°.), even silicon may prove 
ineffective, while increasing the nickel or the 
carbon lessens the tendency to the formation 


of delta iron. 
Silicon Additions 


It was well known that a combination of 
silicon and chromium offered great resistance 
against scaling at elevated temperatures, but 
nickel was added to impart toughness. In gen 
eral, silicon increases the hardness slightly both 
in the natural and in the annealed conditions; 
18-8 with approximately 3°- silicon is somewhat 
more difficult to roll than 18-8 with normal 
silicon content. Silicon improves the welding 
qualities, and when present in suflicient amount 
(particularly when delta iron is present) strong- 
ly inhibits the susceptibility to intergranular 
corrosion, It exerts only a moderate influence 
upon the elevated temperature properties cither 
in short time or creep tests. In general, silicon 
exerts but slight influence on corrosion resist- 
ance of 18-8; each application should be based 
on comparative tests under working conditions. 

There is an erroneous idea prevalent that 
silicon produces brittleness in hot rolled or 


annealed states. Our experience of over 15 
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Short Time Tests et High Temperseture 


although Payson and others have demo 


Temper-| _., Propor-| strated that it is an inhibitor of int 
ature hela tione/ fion- | Reduc- granular attack. At this time it j 
of Test Strength Strength, mit \Gation| tion 
é possible to say just how much tungst 
19.G5 % Cr. G1Z%Ni, 0.24% C,2.25% Si, 5.70 %W is required, for this depends not 
70°. | 128,000 64,000 419 51% upon the carbon, nickel, and chromiu 
800 F 96,000 41,000 38 
000% | 90.000 38 000 te 46 and their interrelations, but also up 
1 200 F 76.000 35 000 30 37 the prior thermal history. This is al 
100%. | 53,500 7, 500 36 54 true of other inhibitors (including § si! 
1600 F 000 1% OOO 67 74 
| “Je, con, titanium, molybdenum, and 
16.2 %Cr 0.19 %C,26%Mo nadium) 
70% | 97,400 | 45,500 | 35,500 | 66 | 74 
800% | 81,700 | 30,500 18.000 55 68 The addition of tungsten does jot 
1000 ¥ 79,100 | 24,500 19000 | 50 65 improve general corrosion — resistanc: 
1200. | 64,500 | £35,00( | 19,00 29 ] with most chemicals nor have we found 
1400%. | 45,100 | 23,000 12,500 | 17 | 26 , ; 
1600 F 28.700 \ 19,000 | 8500 | 1” | 16 it to promote resistance to scaling at 
. elevated temperatures. It therefor: 


belief. In fact, 


under certain conditions the opposite is true. 


years does not warrant this 


For instance, a 20°) chromium, 8‘. nickel steel 


containing O14) carbon and 3.5‘. silicon, in 
form of 0.065-in. sheet as rolled and annealed, 
respectively, shows 9.65 and 13.85 Erichsen test. 
This does not look like brittleness in either state 
(even though high silicon hardens 18-8 some- 
what as rolled, and does not permit of such 
soft annealing). 

Both the low and high silicon 18-8'’s, an- 
nealed, are subject to some lowering in impact 
resistance by reheating within the range LOOO 
to 1500 


position, the annealing temperature, and the 


F.; the amount depends upon the com- 


time and temperature of reheating. 

As regards influence of silicon on scale re- 
18-8 steels with O40, 1.10, and 
After 36 hr. at 


I., all scale was removed and the pene- 


sistance, three 
2.14% 
tration per year was estimated as O.88 in., 0.19 
in. and O.O48 in. 
was 22 times better than O.10°, 


silicon 


silicon were studied. 


respectively. In other words, 
silicon 
steel was intermediate. 


and the other 


Tungsten Additions 


Tungsten is usually added either to increase 
resistance to intergranular susceptibility or to 
increase the strength at elevated temperatures. 


‘ 


The amount added may be from less than 1 
up too! 
The 


more popular in Europe than in this country, 


first of these applications has been 


14 


necessary to combine silicon and tung 


sten, have done in a steel known as 
“Rezistal KA-2, Si, W” (to use the Krupp Nirosta 
system of designation). This steel has the high 
18-8 


strength characteristics of the tungsten addition, 


as we 


scale resistance of with silicon, high 
and resistance to intergranular attack due to 
both silicon and tungsten. 

The very high values for proportional limi! 
table 


worthy, and substantiate the second claim mad 


given in the accompanying are note- 
for tungsten at the outset, as they are at least 
double the values usually reported for 18-8 
The creep resistance is equally good. Aborn 
and Bain in A.S.T.M. “High Temperature Sym 
posium,” 1931, summarize available data on 
both short time and creep tests, and these may 
be studied. A word of caution is necessary 

Direct comparison of data from different sources 
is diflicult, particularly at temperatures below 
1000” 
stated; also the effect of carbon is much greatet 
below 1000° PF. than above 1200° F. 


unless the prior heat treatment ts 


Molybdenum Additions 


Molybdenum in amounts of from 2 to ! 


is probably the most generally useful of all | 
additions to 18-8. 
chromium content to the following speci 
tion: Carbon 0.16% 
chromium 18.0 to 22.0°), and molybdenum 
to 


Benefits of 


It is customary to raise 


max., nickel 6.5 to 100 


molybdenum are along 


different lines: First, it enhances general 
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sion resistance against many chemicals and, 
far as the writer is aware, never lowers it. 


\n outstanding example is in the case of sul- 


hurous acid and sulphite liquors in the paper 


ip industry.) Second, it has about the same 
ffect as tungsten in raising the strength at 
levated temperatures. Third, it is a strong 
ohibitor against intergranular attack when 
ised in a properly balanced analysis; fusion 
velds that cannot be made with safety with 
Ik-S unless subsequently heat treated, may be 
made with the molybdenum-bearing alloy. 

All these advantages naturally cannot be 
had without some increase in cost. 

Data on strength at high temperature are 
quoted in the table from Aborn and Bain for 
samples soft annealed to 173 Brinell. The con- 
tinuous falling off elongation and reduction 
is unusual, for ordinarily a minimum is reached 


at from 1200 to 1400° F., followed by a sharp 


increase as higher temperatures are reached. 

Creep values for the same steel have been 
sent by the Crane Co, for 1’. total creep in 
10,000 hr. as follows: 12507 F., 20,000 Ib. per 
sq. in.; 14000 12,500; 15000 S000; and 1600 
4000, 


Titanium and Other Additions 


The modifications of 18-8 have been given 
in the order we have studied them and in the 
order the organization with which | am = con- 
nected has manufactured them commercially 
for American consumption. The most recent 
employs titanium, not as a mere deoxidizer, but 
in substantial amounts remaining in the alloy. 
Thus far it seems to be for one purpose only, 
that is, for the prevention of intergranular cor- 
rosion. It does not serve to enhance general 


corrosion resistance from some experiments 


High Silicon Rezistal Has a Long and Useful 
Life When Made into Carburizing Containers 
and Covers, This photograph shows a num 
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ber ol these Re tistal pots and the roll. 
over mechanism in the heat treating depart 
ment of Katon Manufacturing Co... Cleveland 
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it seems even to lower it very slightly in 65°, 
nitric acid. 

In the case of titanium, as well as some 
other additions, there seems to be an anneal- 
ing temperature that should not be exceeded. 
In fact, the prevention of intergranular sus- 


ceptibility and the securing of maximum gen- 


eral corrosion resistance do not usually occur 


at the same annealing temperature. Newell 
called attention to this in Transactions, A.S.S.T., 
Vol. 19, and expressed the opinion that “it is 
obviously better to have a general diminishing 
of corrosion resistance than to have definite 
intergranular corrosion which could be con- 
strued as making the alloy quite unreliable 
under conditions of stress at either low or ele- 
vated temperatures.” 

Many other additions to 18-8 have been 
made but they have not had great commercial 
success. Copper has a beneficial effect in re- 
ducing corrosion from cold and dilute hydro- 
chloric acid, ammonium chloride, and brines, 
but seems definitely to interfere with resistance 
to intergranular susceptibility — at least for 
additions up to 2°. The same seems true of 
aluminum and possibly zirconium. Double ad- 
ditions of molybdenum-copper, tungsten-titan- 
ium, and silicon-zirconium possibly have limited 
uses for some special condition. Vanadium 
seems to act somewhat like titanium, but a 


larger amount is needed. 


Stability of the Structure 


In the Henry Marion Howe memorial lec- 
ture, 1925, the writer presented in a general way 
the similarities and differences between ordi- 
nary or ferritic alloys and the austenitic alloys. 
At that time it seemed to be generally believed 
that the metallurgy of austenitic alloys such as 
18-8 was delightfully simple. This the 
result of a belief that the austenitic steels were 
perfectly stable, rather than metastable, and 
when long exposure to somewhat elevated tem- 
peratures began to show mysterious changes 
in them we had to reform our ideas as to the 


simplicity of “gamma-iron metallurgy.” 

Many students now consider 18-8 as a 
borderline alloy (the usual commercial range 
is from 16.5 to 20% chromium and 7 to 10°, 


nickel), but that an alloy of 0.09° carbon, 26.2", 
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chromium and 18.7‘¢ nickel is stable, that is, t! 

it consists of one phase at all temperatures, 2 
does that mean freedom from change by lo 
heating to say 1200° F. for 700 hr.? Not at 

As compared to the 18-8 with molybdenu 
described above (a two-phase alloy), it may 
said that the single-phase alloy (26-19) 
much more affected mechanically by long ti: 
reheating than the two-phase steel, while | 
opposite was true magnetically. The former did 
not change in phase relationship but the lath 
did. A “borderline alloy” such as 0.06° carbo 
16.6°, chromium and 9.1‘ nickel, under thy 
same treatment, changed both statically and in 
magnetic susceptibility. It hardened, gained in 
strength, lost in ductility, and passed from non 
magnetic state to one of quite strong magnetic 
susceptibility. 

These examples illustrate the complexity 
of gamma-iron metallurgy, and addition ele- 
ments do not make it simpler. 

It is quite certain that complete solution of 
the various chemical elements existing in the 
metal in the form of austenite represents th: 
highest degree of corrosion resistance; it is also 
probably true that such a condition is most 
susceptible to injury by certain reheatings, 
which heat treatments involve the incipient sep- 
aration of carbides from the austenite. It has 
not been proven for all alloys, but possibly a 
condition of complete spheroidization of the 
carbides represents a high degree of general! 
resistance —- in fact, a commercial resistance to 
all but the most extreme conditions of corrosion 

A form of annealing referred to as “stabi! 
izing” against intergranular corrosion has \ 
ceived the recent attention of Miller, Bain, and 
others (Transactions, A.S.S.T., June, 1933). Mil 
ler soon discovered the difficulty of stabilizing 
an alloy previously annealed from a very hig! 
temperature. As remarked above, the ideal 's 
doubtless a uniformly dispersed condition ©! 
carbides in a coalesced condition. This is nv 
readily attained when the grain size is sm 
either as the result of low finishing temp: 
tures in rolling or forging or by cold work 
by a combination of both. For about eight 
we have been commercially annealing hot ro! 
material in that way, particularly when 
purpose of the annealing is to improve mach 


bility of the material. 
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Phe exact temperature for annealing each 
§ modification has not been determined with 
uracy, and the time required for stabilizing 
\| depend largely upon the exact condition of 
material under treatment. It is necessary 
each case to have a properly balanced compo- 
‘ion, and not merely some four or five ele- 
ents in indiscriminate quantities. 

It is necessary to emphasize that most of 


e experimental work has included relatively 


actual solution of material between the grains, 
while the grains themselves are practically un- 
affected. 18-8 and its modifications fall off in 
ductility within certain temperature ranges and 
it is possible that fatigue cracks start between 
surfaces of the 
both 


probably 


the grains and that the fatigue 


oxidized. In cases we 


but 


cracks become 


have intergranular failure not 


from identical causes (excepting insofar as car- 
bide 


precipitation predisposes the material in 


with Added Silicon Is 
Furnace for Hardening 


Used for the Rollers in 
Springs. Carrier trays 


short reheating times within the dangerous zone 


petween 1000) and 1500) F.. and the results 
should not be considered applicable to those 
ore or less indefinite periods of exposure in 
piece of operating equipment. While the 
pe of failure that may occur in use appears 


attack 


oduced by COrrosive liquids at moderate tem- 


inewhat similar to the intergranular 


ratures in metal previously exposed to the 


ngerous zone, it is not certain that the actual 


lure is the same. In one case it appears to 


intergranular oxidation, and in the other 
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opening into the quench 


Cleve land Wire 


fravel from the far end to the 


in the foreground. Courtesy of Spring Ce 


both conditions to intergranular corrosion). 
Referring again to the Howe Memorial Lee 
1925, the 
metallurgy is in the 
better 


stand their metallurgy and properties. 


said: “Gamma-iron 
We shall 


steels when we 


ture for writer 


making. know 


how to use these under- 


I hope 
general i 


my contribution may arouse a more 


terest in them and more particularly in a study 
of gamma-iron.” The response has been most 
vratifving, as the voluminous literature of cor- 
rosion resistant steels attests, but the subject 
is not vet a closed book. 
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OUGHNESS OF ALLOY STEELS 


AT LOW TEMPERATURES 


MPROVEMENTS in the handling of liquefied 
vases, dewaxing of oils, and refrigeration, 
and the use of automobiles and aircraft in 

temperatures as low as 60 below zero make it 
important to study the properties of materials 
at low temperatures. The literature as well as 
common experience indicates that the static 
properties of steels are not seriously altered 
under such conditions. The impact strength, on 
the other hand, is generally lowered to such 
an extent as to render many steels unsuitable 
for service. This subject has long had anxious 
consideration of railroad operators in’ states 
along the Canadian border. Its present interest 
to metallurgists is obvious. 

It is the opinion of the authors that notched 
bar impact strength is a criterion of the ability 
of a metal to withstand deformation, not only 

shock but in static two or three-dimensional 

stress as well, and it is further an indication of 
the resistance of the material to notch fatigue. 
We have accordingly chosen to study this prop- 
erty, which we consider one of the primary 
factors in determining the suitability of a steel 
for low temperature applications. 

While low temperature impact strength is 
improved by a quench and 


draw, steels in the normalized 
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or as-rolled condition are of greater interest to 
the engineer, so the present investigation has 
been restricted to them. Austenitic steels have 
high shock resistance even at very low temper- 
atures, but their cost is too high for most ap 
plications. For this reason only the common 
S.A.FE. steels were studied, as well as certain 
special analyses which were believed to possess 
good impact strength at low temperature. As 
a basis for comparison, plain carbon steels wer 
also investigated. 

All tests were made on the standard Izod 
machine using the 0.394-in. (1 sq.em.) squar 
notched specimens, the notch angle being |) 
with 0.026-in. bottom radius, 0.079 in. deep, « 
with a fly cutter matched frequently against a 
The carbon and S.A.E. 


tonnage productio! 


templet. steels wer 
obtained from regular 
some of the special steels were made on a co! 
mercial seale, others were small induct 
furnace heats. 

immersed in liq: 
follow 


Specimens were 
cooling medium for 30 min. to 1 hr., 
by a quick transfer to the Izod vise and im! 
diate release of the hammer (a matter of 
sec.) Temperature loss during this inte! 


was believed to be suflicie! 


slight as to be negligible. 
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variation in temperature loss, specimen to 


cimen, was naturally of a still lower order 
magnitude. 

Phe liquid used varied with the tempera- 
20° C. (—4° F.) 


to 


e desired. From 0 to ice 


iter or iced brine was suflicient; from 
112 


from this point to 


cooled with 
238 


acetone dry 
Io I.) 
juid propane cooled by means of liquid air; 
80 to 
ried out with great care, the propane being 
flask, 


taining the liquid air immersed 


ne? 


od liquid air at 
on of temperatures from was 


laced Dewar and a glass tube con- 


in it until the 
Al 


maintaming 


desired temperature was reached. no time 
difficulty the 
temperature constant within plus or minus 3° C. 


was found in 


any 


Discussion of Results 


versus 
The 


veneral tendency is for the impact value of nor- 


ypical curves (impact strength 


temperature) are plotted on this page. 


chromium, &' 
is SO ft-lb. and this is 


ever, temperatures lower than 


of 18° nickel alloy at room tem- 


perature unchanged as 


Fortunately, how- 


wo 


low as 


are not 


usually encountered, so that normalized pearl- 


itic alloy steels are well adapted to most de- 


mands. Fests on these steels have therefore 


been made to tempera- 


impact 


with special reference 
the 


steel 


tures from lo 


In addition to poor values 


shown by carbon and some alloy steels, 


a further disturbing factor was their erratic 


behavior, For example, the results of tests on 
from 7 to 2 
S.A.B. 6120 
H150 steel 


varied 
¢.. 


steels 
Al 


whereas an S.A.E. 


chromium-nickel 
ft-lb. at C. 


steel gave 5.5 ft-lb., 


had an impact strength of 14 ft-lb. However, 


some of the steels, notably the zirconium series, 


were found to have relatively higher and more 


consistent impact strength at the low temper 
atures. 
Although certain alloy additions improved 


the impact resistance and reduced the incon- 


malized carbon and low sistencies, steels having a 
alloy steels to fall rapidly tensile strength of less 
a low figure at some 80.000 per 
temperature between Degrees Fahrenheit sq.in. had substantially 
C. and C. (150 - — — — less variation than those 
.). Between this temper- steels with higher strength. 
ature and OC. 80 This condition may be 
(297° F.) little addi- compared with the similar 
tional loss occurs, the im- 70 1 lack of impact) strength 
pact resistance here being AS found in the usual nor- 
in the neighborhood = of BS 60 malized steels at normal 
only 2 to 5 ft-lb. S atmospheric temperatures 
lt would thus appear s 50 when a strength of 100,000 
that, in general, the nor- % to 125,000 Ib. per sq.in. is 
inalized low alloy steels exceeded. It would there- 
should not be used at tem- 8 fore appear to be neces- 
peratures below about § 0 sary to heat treat steels to 
100” for those engi- obtain high tensile and 
cering or chemical man- ~ 20 impact strengths, but high 
facturing purposes where shock resistance is” fre 
bstantial impact quently not primary 
rength is” required. requirement and normal 
Sicels for use in this range ized high = strength steel 


st be of the austenitic ™ , should then be quite satis 
é é 
e, and tests made at factory. 
tel] Impact Strength of Various Normal- 
eHe Memorial — Insti- ized Steels at Low Temperatures For example, the av- 
indicate that the HHI erage rail steel has 185,- 
irpy impact resistance WO Tb. per sq.in. tensile 
19 
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strength and an impact resistance of only 2 


ft-lb. at room temperature, vet it has given good 
service except at very low temperatures. A 3‘ 
chromium steel in the air-cooled condition with 
12 ft-lb. at —50° C. should therefore be entirely 
safe for rail steel even though its strength is 
also 180,000 Ib. per sq.in. (above the limit men- 
tioned in the preceding paragraph). 

The properties of many of the normalized 
low alloy steels were such as to render them 
quite satisfactory where a higher order of im- 
pact resistance would be required. This was 
not true of the plain carbon steels. Some alloys 
added little to the shock resistance of the car- 
bon steels, while others appeared to be effective 
only when two or more alloys were combined. 
The influence of zirconium and vanadium was 
found to increase in proportion to the alloy 
content, effective improvement being obtained 
at 0.50%, to 1.00). In the case of the other 
allovs, chromium, molybdenum, nickel, copper, 
and manganese, no direct relation appeared to 
exist between alloy content and improvement. 

Combinations of allovs produced rather 
surprising results. Zirconium steel was influ- 
enced only slightly by manganese and copper; 
it was harmed by nickel and improved by mo- 
Iwhdenum. Vanadium steel was deleteriously 
affected by manganese and nickel and helped 
by chromium. Although nickel alone improved 
the normalized steel much less than might be 


expected from the reported re- 


ganese with the deoxidizing alloys zircon 
and vanadium. Similarly, the carbide-form 
alloys gave good results in combination 
austenite-forming alloys. 

Although in general the low alloy norm 
ized steels under the best conditions do 
appear to be suitable for use in enginee) 
applications below —100° (—150° F.), many 
of them have sufliciently good impact resista: 
to make them suitable at —80° C. (—110° P) 

If a limiting impact strength of 10 ft-lb. by 
considered adequate, several steels in additio, 
to those appearing in the adjoining table would 
be acceptable. (The table itself is) much 
abridged from the available data.)  Nickel- 
vanadium, nickel-copper, “cromansil,” chro 
mium-copper, zirconium, and vanadium would 
be satisfactory. 

If we now consider the properties at — 50 
C. (—60° F.), which we have taken to be thy 
limiting low temperature for service under al 
mospheric conditions, a slightly different listing 
ensues. All the steels listed at —80° C. are, 
of course, also satisfactory. In addition, 
chromium, chromium-vanadium, nickel-moly} 
denum, and plain molybdenum steels might |» 
included. Carbon steels are, in general, not sal 
isfactory below C. (45° F.), where good 
resistance to impact is necessary, and may well 
be unsuitable at temperatures in the vicinity 
of 0° C. (+32° F.). 


sults of heat treated specimens, 


additions of other alloys to nickel 


/zod Impact Strength, Normalized Stee/ at Low Jemperatures 


stecl conferred a decided benefit. 
Chromium steel was improved by 
additions of vanadium, nickel, 
copper, and manganese. The ad- 


dition of zirconium nickel 


improved molybdenum steels, Armco I 
SAF 17027 
while manganese had little effect. SAF 103 . 
In classifving these results Rail stee 
it was noted, in general, that the SAE 2353. 
deoxidizing allovs, such as zir- 
SAE 
conium and vanadium, combined 7% Cr O 
with the carbide-forming alloys “Cromans: 
chromium and molybdenum, gave 


good results, but that) poor or 
doubtful results followed — the 


combination of the  austenite- 


Impect Strength 
Ft-lb. per 5a lm 
A c 
Motes/ T T T 
kKoom 50°C. -80°C. | -183 
(-58 °F / (-77 OF 
+ + + 
64 9 J 
} 65 7 2 
49 9 
1to89 | Ete 16 | 
+ 18 1? Q z 
Me > + 48 +7 O 
& 7 34 
74 


forming nickel, copper, and man- 
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TREATMENT OF 


ALUMINUM CASTINGS 


LUMINUM alloy castings with high tensile 
strength and elongation, made contin- 
uously and uniformly on a production 

basis, necessitate not only first class foundry 
practice, but close temperature control in sub- 
sequent heat treatment, together with uniform 
heat distribution throughout the charge. These 
two items are distinct. “Temperature control” 
is done by automatic devices actuated by a 
pyrometer measuring temperature at one point 
in the furnace; “heat distribution” is the rela- 
lion of the temperature at any part of the 
charge to that point controlled by the thermo- 
couple. 

Metallurgists usually have facilities for 
inaking accurate investigations for determining 
the proper heat treatment procedure to obtain 

rlain physical properties, since, in a labora- 
tory furnace, the equipment is of relatively 
sinall dimensions and the test specimen may 
located very close to the temperature con- 
lling thermocouple. However, the shop may 
may not have equipment capable of dupli- 
‘ing such test results. A manufacturer may 
refore be penalizing himself by using equip- 

nt in the heat treating department which is 
ipable of producing physical results attain- 

in the laboratory. In any event, these facts 

ild be definitely determined. 

lt may be found, for instance, that the 


fuct requires heat treatment at some definite 
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temperature, with an allowable variation of not 
more than 8 F. plus or minus. If, under pro- 
duction conditions, the variation is 25” plus or 
minus from the desired temperature, then it is 
an indisputable fact that either the number of 
rejects is very great or the tolerances for accept- 
ance tests must have been set wide enough to 
permit materials having reduced physical prop 
erties to pass inspection. 

Such a condition is not the fault of the 
metallurgist or the metal. The responsibility 
rests entirely with the management. Seldom 
would a metallurgist care to set up shop speci- 
fications so strict that a large percentage of 
the product would be rejected. He has to make 
the best out of the heat treating equipment. 
Nevertheless, he has certain responsibilities 
which are his duty to exercise. These may be 
enumerated as follows: 

1. Determine the correct heat treating 
temperature for the particular metal in produc- 
tion and the maximum temperature variation 
from normal which will produce the physical 
properties desired. 

2. Explore, with thermocouples, the charge 
in the shop furnace, and find just what per- 
centage of the material is now being heat treated 
at the proper temperature. 

4. Determine the manner in which the 
shop, the sales department, and the user are 


being penalized by a non-uniform product. 


‘ 
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Furnace 
leceptable 
variation measured at end of heat was plus or minus 6° F. 
Hil 


Curve of 15 Variation 12 
Thermocouples 
- G&S 
GUE 
i 
A 
Ba wet 
55505 
Oo 4) he 0.9.0. 


Sections AA, 8B CC 


Sketch Showing Location of 15 Thermocouples in Fully Loaded 
and Overlapping Curves Drawn by the Recorders. 


tolerance was plus or minus 10° F.;) maximum 


Evaluate this penalty dollars cents. 
1. Determine if there is a furnace on the 
market that will produce exactly the results 
required; find out what interest it will pay on 
the total investment, taking into consideration 
all factors entering into costs. 
>» In purchasing a furnace, specify that 


temperatures must be thoroughly explored 


throughout the charge under operating condi- 
tions, and that the maximum variation in a 
representative load be not more than a_pre- 
scribed number of degrees, plus or minus, from 
a given temperature. The uniformity of heat 
distribution must be such as will give the metal- 
lurgical result required. 

That such demands are not academic and 
impracticable may be proven by citing experi- 
ence in the heat treating department of a large 
user of aluminum castings. In this particular 
plant under discussion, three alloys were in 
general use, as follows: (a) 92%, Al, Cu, 
for general use; (b) 95°. Al, ot. Cu, for high 
strength requirements; and (¢) 95° Al, oo Si, 
for pressure work, 

It is the purpose of this article to describe 
the results secured in the heat treatment of 


the second alloy for producing maximum tensile 


strength and elongation. 


It is well known that the strengthening a 
hardening of aluminum alloys by heat treatm: 
is due to constituents which are more solu! 
in solid aluminum at high temperatures th 
at low temperatures. The “solution heat tr 
ment,” therefore, consists in heating the all 
to a temperature selected to put as much os 
possible into solid solution, and then quenchi 
to retain this condition temporarily (or, rath: 
to control the manner of its precipitation). T| 
fact that the quenching temperature happens 
to be near the softening point of the constituent 
itself is only incidental, but it does increas 
the need for uniform heat distribution throug! 
out the entire charge, with close temperature 
control, if the high side and “burning,” and the 
low temperatures preventing substantial solu 
lion, are be avoided. 

In the plant in question a completely mut! 
fled type fuel furnace has been used for this 
work. It had a long nickel-chromium muflk 
21x21x72 in., heated externally by four gas 
burners. There were four thermocouples in- 
Attendants 


were on duty, 24 hr. per day, to adjust the burn 


serted into wells within the muffle. 


ers and maintain the temperature recorded | 
one of these pyvrometers at 510° C. (990° BF.) 
The hot junction for this pyrometer was located 
approximately at the center of the muffle. Th: 
castings were all small, weighing from 0.17 
1.77 Ib.. with an average of 0.7 Ib. 

Two or three test bars were placed in ecac! 
charge and their physical properties determined 
after the treatment. The results were so \ 
riable that it was practically impossible to reject 
all castings not coming up to the requirements 

tensile strength and elongation. Frequent! 
eclongations as low as and tensile strengttis 
as low as 22,000 Ib. per sq.in. were encountered 
which may be compared to figures for this all 
given by Edwards, Frary, and Jeffries on pas 
201, “The Aluminum Industry.” of 28,000 
38,000 Ib. per sq.in. tensile strength and 6 to [2 
elongation in 2 in. 

In an effort to secure better results, a + 
cision was made to install a pit type elect 
furnace. Incidentally, it was to have a capac 
of 1500 Ib. per charge and dimensions 48 
diameter by 60 in. deep. Baskets for hold 
the castings were to be made of heavy 
netting in two different types large bas 
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taking the entire charge, and small baskets 
he same diameter as the large basket, but 
vy one-half or one-fourth as deep. Specitica- 
s put into effect were as follows: 
Heating — Heat the castings for a minimum 
12 hr. at a temperature between 941 and 
(505 to 515° CL). 
il time of 18 to 24 hr. 
wether the furnace is hot or cold at the begin- 
the heat. 


This may require a 


depending upon 


Quenching —— Remove from the furnace, and 


quench immediately in water. 

Straightening — Castings that warp during 
the heating or quenching operations are to be 
straightened immediately after quenching in the 
department where the heat treating is done. 

Aging — Since age hardening at ordinary 

temperatures is practically developed in 48 hr., 
this interval shall be permitted before machin- 
ing and assembly of the castings. 
Testing—— Test bars treated according to 
this treatment shall have the following mini- 
mum properties: Ultimate tensile strength, 
29,000 Ib. per sq.in.; elongation in 2 in., 6%. 

The pit type electric furnace installed for 
this job has an electrical capacity of 75 kw. 
if 220 volts. A motor-driven fan is installed 
directly under the cover so as to circulate the 
ir and assist in distributing the 
heat. Much to everyone's surprise, 
repeated tests on this furnace under Hl 
full charge disclosed the fact that ; 
correct heat distribution existed 
Without operating the fan. 

A number of tests were made 
during operation using 15 thermo- 
ouples placed directly within the 
charge, as shown in the diagram. 
[his gave information as to heat 
distribution at three sections — top, 
middle, and bottom. The maximum 
variation found at the end of the 
souking period for the entire charge 
Was plus or minus 6° F. from the 
nuded operating temperature. 
this uniformity of heat treat- 


| has promoted uniformity in 


leat treated castings. A report 
the metallurgical department 
‘ioos that the tensile strength of 


Al, 5° 


Cu alloy now aver- 
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ages from 30,000) to 35,000 Ib. per sq.in., and 
that the elongation varies from 8 to 12°... The 
average is 32,000 Ib. tensile and 10°. elongation. 

A description of the furnace will be of 
interest. (That this performance was not a 
matter of chance or accident, it may be noted 
that a larger furnace of the same general type 
was installed in another department for nor- 
malizing, hardening, and tempering of alloy 
steel bolts at temperatures of 16900 F., 
and 925) 


distribution throughout the charge.) 


respectively, with equally good heat 


One view shows the furnace for aluminum 
alloys with the cover swung to one side, ready 
to receive a charge. The furnace is installed 
in a pit, and extends above the floor level a 
convenient height for charging by overhead 
crane. Heating elements near the top may be 
seen, also the nickel-chromium guard rails 
which act as guides for the baskets containing 
the charge. Heating elements of the ribbon 
tvpe are mounted on special refractories with 
spacers underneath; these ribbons are definitely 
located in the detailed drawings made when 
designing the furnace. With a proper heat dis- 
tribution attained, it is evident that this same 
heat distribution will result for successive heats. 


A general view shows the furnace under 


Empty Furnace, Cover at One Side, Showing Re 
sistors, Refractory Supports, and Alloy Guard Rails 


heat, with the cover in place. The quench tank put into service two years ago. It appears 
is shown in the foreground, and in the rear, have a definite heat distribution character 
ee ies between the quench tank and furnace, may be which will remain unchanged for the life of 
seen one of the large wire baskets used for furnace, an estimated period of 15 vears \ 
| holding a complete charge. Control equipment an operating temperature under 1000° F, 
i is at the left. Magnetic contactors or control An actual comparison of gas and ele: 
panels are placed at each end of the panel- power cost was not available, due to the 
board, mounted in enclosed steel cabinets. Next that the gas furnace was designed for a p 
to each control panel is an indicating and con- duction of 500 Ib. while the electric furn 
trolling pyrometer for that circuit. A separate has a capacity of 1500 Ib. However, mak 
two-point recording pyrometer is mounted on due allowance for difference in furnace sizes 
1 one of the lower panels, for recording the tem- and on the basis of 30¢ natural gas and le e! 
1 perature of each of the control zones. tric power, the operating cost would be equa! 
The motor for driving the fan inside the This is due, largely, to the greater efficiency of 
furnace may be seen mounted directly on top a pit type furnace over a horizontal muffled 
the cover, while the motor for raising this cover tvpe. The radiation losses of the furnace wh 
is mounted on the arm near the mast. operating at 955° F. are 7.5 kw. per hr., unde 
The cover is raised vertically by means of saturated conditions. Not one cent has bee 
ig a small jib crane and motor, and is swung to spent for maintenance. 
Fs one side by hand. Limit switches, on the mast, Aside from the ability to produce castings 
ae automatically stop the motor the instant the of detinite physical properties, the management 
\* cover is lowered in place and seated in the sand has found it to be of advantage to substitut 
seal around the top of the furnace, or, when aluminum alloy for many brass castings, at a 
opening, after the cover has cleared the center- saving in metal cost, according to the last anal 
ing pin. ysis, of S800 a year. This is only one of thi 
This furnace has shown a variation in heat instances where collateral advantages of great 
distribution of not more than plus or minus importance follow the adoption of modern pra: 
8 FPF. throughout the charge since it was first tices in auxiliary departments. 


Complete Installation Includes Electrical Control, Work Baskets and Quench Tank 


| 
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ONTROLLED COOLING TO 


PROMOTE MACHINABILITY 


OME months ago a certain manufacturer 
of automotive gears ran into serious 
machining trouble. The offending metal 

vas a heat of SALE. 1615 open-hearth steel. It 
had the following analysis: Carbon O.17',, 
manganese phosphorus 0.015). sulphur 
silicon 0.265), nickel 1.76°., and molvb- 
denum (well within specification). The 
cear blanks had been normalized in a pusher 
hurnace, 

After some of the offending blanks had been 
returned to the steel manufacturer, they were 
retreated by holding 3 hr. at 18000 F., cooling to 
200° Flin O hr. and then in air. The first piece 
of this material ruined the cutter, although the 
hardness was only 156. 

Microscopic examination at 500) diameters 
revealed a number of structureless grains, which 

re-etching in nital developed faint needle- 
ihe structure typical of martensite in a back- 

ound of austenite. Some of the areas were 
lated, but most of them were parts of peartlite 
ins some at boundaries and others enclosed 
thin the pearlite.  (Pearlite in steel of this 
ilvsis is granular rather than lamellar.) The 
photograph shows a microcharacter scratch 
ssa mixed grain and proves the area with 
lensitic markings to be much harder than 
ferrite and also harder than 


pearlitic portion of the same 
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grain. It was thought that these very small but 
very hard particles had an influence on the poor 
machining qualities of the steel, and we became 
interested in clearing up the point, although 
neither the gear company nor the steel company 
was connected with our own cither as producer 
or consumer. 

Presence of such hard particles cannot be 
detected by the Brinell test, since they are 
merely pushed into the softer ferritic matrix, 
The action might be compared to the Brinelling 
of grav cast iron containing excess carbide 
particles. There, also, the Brinell hardness may 
not be a guide for machinability. 

Since only a few pieces of this first stec! 
were available, the relationship between struc 
ture and machinabilitv (that is, tool life and 
smoothness of finish) was studied on two other 
heats of SALE. They were of higher 
manganese content (0.65 to 0.695. instead of 
O.45'.), made in an electric furnace by another 
steel company. Iwo heats were selected be 
cause of a known difference in their machining 
qualities. The one classed as “poor” had 0.21 
The MeQuaid- 


hn test showed the usual “moly” type of struc- 


carbon; the “good” one 0.15! 


ture, grain size mostly No. 8 in both, with a littl 
more variation in the good cutting steel. The 


latter also showed banding in 


Abstract of paper for 
A.S.S.T. Convention, 1933 


both the case and the core 
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Cooling Experiments After Holding 2Hr. at 1800 °F. 


ny 
Cooling Schedule Brinel! 
landn 
Jreat- Hardness 
ment Microstructure of Machineble Stee/ 
“y A> a 70 7 MOO, 
/ QO Mor); loam > sy pf 
1600° A Some partially martensitic grains 
SCO JID Jame ; coaersened , bended ferrite 
> of) CAS = ry mank 
) < At I< Jl / coarser, 7o0re 774 LENS fe 
4 ) 4 Sar ] 5 
Furnace 63 Same No.5 
, Furnece| 800 Air 46 56 Same banding as No.7; no martensite ; pearlite 
iy 
< at ULC Alf? Use AS /V0.//, DSi GNC 772 e Pp. UU 
at vag We! er < ore S Ol fer [28 SILC N0 Pea lé 
14 / af 12790 Y/a tor 179 » 
Lesd OU Wester OS VOl ; Some PeSriile 
4727070 155 1470 than A 1A 
OU Alf I0 Mo C Pee le {7187 NO. /O 
20 Furnace at 800° 5 Alf? 03 Ye Yorme of mertensite ; 
27 urnace at 800 5 | Air 63 78 Vo bending, no mertensite 
2é Furnace at | Water 209 Jame es No.2&0 


The normalizing treatments given these 
two heats were not identical, as will be ex- 
plained later. Various cooling cycles were there- 
fore given to samples cut from machined parts 
to determine if the difference was in the steel 
or in the treatment. Schedule of treatments 
with resulting Brinell hardness is given in the 
table. The apparent irregularity in treatments 
1 to 10 is probably due to the fact that the 
limited number of samples tested failed to give 
a representative average. 

A difference was found between the two 
heats of steel, but it was a difference in degree 
rather than an entire difference in action. The 
steel difficult to machine was harder through all 
the range of treatments, probably due to higher 
carbon content. It showed greater air harden- 
ing with less ferrite separation when cooled 
from above the critical range and more marten- 
site when cooled in air from within the critical 
range. Slow cooling to a slightly lower tem- 
perature also was required to eliminate all of 
the martensite. 

It was concluded that) the difficulty in 
machining was probably largely due to the dif- 
ference in treatment rather than inherent 
difference in the steel. 

Notes on microstructure of the easily 
machinable steel are given in the table. As the 


critical range is entered in treatments 1 to 10, 
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ferrite separation and banding occur, with loca! 
increase in carbon concentration and the forma- 
tion of more and larger martensitic grains. |) 
cooling in the furnace to 800° F. (that is, below 
Ar,), martensite is no longer formed and little 
difference in structure results below this tem- 


perature, even when furnace cooled to room 
Development of Bands 


Banding develops during slow cooling in 
steel which has the tendency to do so, and in an 
attempt to eliminate banding by faster cooling 
(and perhaps some of the martensite also be- 
cause of more even carbon distribution) othe: 
samples were transferred from 1800° F. to a 
furnace set at 1200° F. These samples in trea! 


ments No. 11 to 13 did show less banding, but 


also showed considerable ferrite separation and 
martensitic formation. The unexpected result 
was the formation of much more martensite |! 
No. 12 and 13 when held for the longer time a! 
The grain is also somewhat coars«! 
(See the second micro.) Since there is litt! 
no pearlite in steel quenched from 1200) | 
(treatment 13), that pearlite which was fo 
after treatments 11 and 12 must have for 
during the air cooling. 

Still more rapid cooling from 1800 to 1 


F. was obtained by quenching the sampl 


METAL PROG 


7 
= 


ten lead at 12007 F. and further cooling as 
scribed in treatments 14 to 19 inclusive. The 
k of pearlite after treatment 14 may have 
sulted from too short a time at 12007 F. before 
ienching. Even this more rapid cooling rate 
lows considerable ferrite separation, which is 
robably necessary to casy machining (in turn 
ic to the coarsening of the structure produced 
wreby). On the other hand, too slow cooling 
ill produce banding and separation of ferrite 
ito large areas, which are believed to give poor 
finish. 

The results here obtained show banding to 
take place during slow cooling in the upper part 
of the critical range; if one attempts to avoid 
this by a more rapid rate of cooling through the 
lower part of the critical range, martensitic 
crystals will be produced, detrimental to tool life 
and finish. 

Treatments 20 to 22 were devised to elim- 
inate banding and martensite by striking a 
happy medium in the cooling rate. By trans- 
ferring the samples from a furnace at 1800 to 
one at 800° F., the rate of cooling would auto- 


matically become slower as 800 was approached. 


Nickel-Molybdenum Steel, Practically Un- 
machinable, Had Martensitic Grains in Fer 
rite Matrix. Note the narrow microchar- 
acter cut across the hard particle. 2000 X 


The third micro shows the uniformity of the 
structures obtained by treatment No. 21. A 
furnace at 800° is apparently a little too high 
if the samples are not held long enough at this 
temperature or if they are water quenched 
(treatment 20 or 22). This is especially true of 
the heat of steel that machined poorly. 

It is believed that this structure (treatment 
21) will approach the case of machinability and 
cutter life obtained with furnace cooled mate- 
rial, but will still retain suflicient uniformity of 
structure to give a good finish. This was 
checked on production parts by a similar treat- 
ment, except that the lower furnace was at 
about 600° FF. The heat from several hundred 
pounds of metal raised its temperature to about 
1050° F., but this dropped back 200° in a short 
time, and then more slowly until below 8007 F. 
The parts so treated were taken from a lot giv- 
ing trouble, since only 8 or 10 pieces were pro- 
duced per cutter grind. After the stated 
treatment, the entire lot of 100°) pieces was 
machined without grinding the cutter and a 
much better finish obtained. Repeated checks 


have given similar results. 


‘A 


Banded Structure Machinable Nickel-Molyb 


denum Steel Afler Treatment Ne pA Sfay at 
1200 has favored banding and partial dee omposi 
fion of austenitic areas into martensite. P00 \N 


Photomicrographs for This Paper by Roy Roush, Cadillac Motor Car Co. 


Hi 


TEMBER, 1933 


The 
izing this type of alloy steel is cither to heat the 
1650 to 18007 F. 


usual commercial practice in normal- 


parts in a batch type furnace at 
and pull out into air, or else to run them through 
a continuous furnace whose maximum tempera- 
ture is the same as in the batch type and with a 
of 1200 1000) at 


Ar,) at the discharge end. 


temperature to (or least 
above 

Normalizing at high temperature is to de- 
velop coarse-grained pearlite which is usually 
the 


Furnace cooling gives this struc- 


considered to be most desirable structure 


for machining. 
but consumes too much furnace time and 


Air cooling from 1800) pro- 


ture, 


adds to the cost. 


duces a uniform and finer grained structure, 


ood 
of 


structures. 


and 
life 


with softer 


from banding, gives a g 
machining, but 
better 
For heats of steel subject to such formations 
the 
evele promotes banding by slow cooling in the 

the 
martensite. 
had 


countertlow 


relatively free 


finish in tool and ease 


machinability are 


as we have been investigating, continuous 


at high temperatures; then more 


Ar 


“poor 


furnace 


rapid cooling through forms 


The 


been 


steel designated machining” 


put through a continuous 


furnace, clectrically heated, and discharged at 
10007 the 
was accelerated by the cold blanks enter- 
The 
had been normalized 


about Cooling in lower critical 


range 
ing in the adjacent row, good machining” 


steel, on the other hand, 
in an oil-fired, straight through, pusher furnace 
whose discharge end temperature was approx- 
imately 800° F, 


The work from the countertlow furnace was 


HI 


Fast Cooling Through Upper Critical Prevents 
Banding and Slow Cooling Through Lower Critical 
Martensite. Treatment No, 21. 1000 X 


Hill 


Hil 


| 


banded and contained considerable martens 


in some of the pearlite bands, while other ba: 


were nearly free from that constituent. 1 
work from the straight-through furnace 


tained no martensite. When a sample of 


poor machining steel was normalized in 


straight-through furnace, it contained but { 
hard grains. 
As the 


semi-machined 


machining parts had all b 
the 


machining operation, they could not be re-r 


poor 
before reaching 
In place of 


for 2 hy 


through the high temperature cycle. 
this they were given a draw at 12007 F, 
The 
but the 
pieces per grind, all of 


Brinell hardness was only slightly reduced, 
cutter life increased from three or fou 
rather poor finish, to 35 
rind, and at the same time th: 


The ex 


pected tempered structure was produced in tly 


10 pieces per g 
surface finish was greatly improved. 
grains. 


former martensitic 


A few tests on different types of steel show 


that martensite does not always form aft 
normalizing. The number of tests was not 


suflicient to say definitely that one type of steel 
was more susceptible than others, but mart 


sitic grains could be produced in all the nicke! 


molybdenum steel tested. Some = steels with 
greater hardening power when water or oi! 


quenched from above the critical range did not! 


produce martensite on air cooling, while others 


with less hardening power contained much 
martensite after air cooling. Further investiga 
tion is needed to determine the cause of tis 


undesirable structure. 


Chrome-Vanadium Steel (S.A.E. 6115) Coole: 
in Furnace to 1200) F. and Then in Air. N 
martensite is found. Grain size No. 8. 1000 % 


il 


AN N ONE action taken unan- 
A New 
imously by the Board 


r © Directors of the 
A. §. §. J. at their meeting last 
month will doubtless 
‘use much interest. That was a resolution on 
the perennial question, “How about the name 
of the Society ” 
lt will be remembered that the present 
Society was formed by the amalgamation of two 
competitive groups, the Steel Treating Research 
Soctety, centering in Detroit, and the American 
Steel Treaters’ Society, centering in Chicago. 
ihe name then adopted American Society for 
Steel ‘Treating was something of a com- 
omise, aimed to satisfy both of the old organ- 


tions, but more than that it fairly well 


resented the aims and activities of the 
solidation. 

lor some vears the principal energies of the 
growing voung Society were to dis- 
scolinate information about the heat treatment 
lool steels and alloy steel. Doubtless the 
lest interest was in tools and furnaces, for 
ry metal-working plant used and heat treated 
a rule-of-thumb manner, but industry 
rally was waking up to the advantages of 
Strong, tough alloy steels, and there seemed 


eo oan insatiable demand for information 
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about them, which the Society filled by number 
less chapter meetings and the voluminous 
Transactions.  Suecess in its ideal of service 
was undoubtedly the reason for the rapid growth 
of the ALS.SZT. in membership and resources. 

As we look back, it seems perfectly logical 
that the interest of the members should grad 
ually widen out from fine steels to fine metals 
generally. Strong and forward-looking produc 
ing companies were vigorously promoting the 
non-ferrous metals; important advances were 
taking place in their alloving, manufacture, and 
treatment, and they became strong competitors 
of the steels in many fabrications. Questions 
regarding the economic ulility of these new 
allovs naturally arose in the minds of the mem 
bers, and this was quickly reflected the 
chapter and convention programs, where an tn 
creasing amount of time was devoted to subjects 
far afield from “steel treating.” Perhaps an 
analysis of the 1935 edition of the National 
Metals Handbook indicates the present situation, 
It has about 1,000 pages of data on iron and 
steels, and 500 pages on aluminum, copper, 
nickel, and other non-ferrous metals and allows. 
Of the 1,000 pages on ferrous metals, only 125 
have to do with recommended practices for heat 
treatment, 


Obviously, therefore, the name of the So 
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ciety has been outgrown. This has been 
recognized by prior Boards of Directors, but de- 
spite much discussion, none of them could 
convince itself that the “going” value of the old 
name should be discarded. It has become more 
and more apparent, however, that the change 
will have to be made sometime, else increasing 
numbers of men who are interested in manu- 
facture and use of fine metals will remain out- 
side the Society simply because they do no heat 
treating of steel. No matter how often the 
present scope of the Society may be explained, 
the name persists in defining it as a narrow 
specialty. 

The new name approved by the Board of 
Directors, subject to a vote changing the Con- 
stitution, does remove this limitation. “Amer- 
ican Metals Society” uses two words of the old 
name, hence will not sound too harsh to mem- 
It parallels the name of 
Metal Con- 

National 
Altogether 


it would appear to be an important move in the 


bers of long standing. 
other important Society activities 
National Metal 
Metals Handbook, Progress. 


Less, Exposition, 


right direction, worthy of vigorous support. 


use metal « » use metal 
_ AT LAST the evele of employ- 
ment has started upward, judged 
Data oe by the fact that inquiries for 
a ee help are reaching the national 
office the first in months. — It 
would be well, therefore, for any member who 
is looking for work to make sure that he has on 
file a complete and clear record of his experi- 
ence, the kind of work he is anxious to secure, 
and the expected salary. 
Generally, vacancies as they arise will be 
filled by employing a resident of that locality, 
Here the 


chapters can do important work by organizing 


personally known to the employer. 


an energetic committee to survey the local in- 
dustries and bring forward promising candi- 
dates for every opening, actual or potential. In 
the event that help from outside is needed, it is 
to be hoped that inquiries addressed to the na- 
tional office of the ALS.S.T. will be quite clear as 
to the requirements. Only in that way can dis- 
appointment) be avoided — disappointment to 


both sides. Lacking definite information about 
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the job, the tendency would be to recomm« 
the best and most versatile man on record. \ 
only too frequently the actual need would be | 
a junior analyst or pyrometer man! 

use metal « » use metal 
EVER since fusi: 


welding first was a 


of Welders 
and W eldines 


plied to important stru 
tures) equipm« 

where a failure 
endanger life or cause serious monetary loss, 
the problem of making sure that the welded 
joint is sound and reliable has loomed larg 
Naturally, the owner or his insurance company 
has been most anxious for proof positive; thy 
fabricator, being more familiar with the weld 
ing operation, is generally confident that results 
will be satisfactory in service. 

Much earnest work has been done to ha: 
monize the divergent points of view of owne: 
and of welder. The first wants to be shown thal 
a good looking joint is really sound underneat| 
The second thinks that welded joints can lx 
accepted as trustworthy just as reinforced con 
erete is accepted: If the contractor is reliable. 
if he uses none but sound materials meeting 
specifications, if the work is done by competen! 
men under independent inspection, if the equip 
ment is adequate, and if the final structur 
passes a proof test then there should be tn 
question about satisfactory service. All Uy 
above “ifs” are readily verified by routine i 
spection, 

“This matter of procedure control is righ! 
and proper, BUI rejoins the skeptical pur 
chaser, or his engineer, architect, or insuranc 
adjuster, “we have a considerable body of © 
perience with reinforced concrete, 
welding is still so young that a parallel can 
be drawn between the two. We must have U 
work done by certified welders, by an acceptal 
process, and be shown X-ray photographs of 
joints.” 

Shorn of its many side issues, the al» 
represents the essential differences  betw« 
manufacturers who want to sell on accepta! 
tests, and purchasers who insist that the prox 
must also be subject to continual inspection « 


approved. Conflicts of this sort are by no m: 


METAL PROGRI 


» 
“4 
j 


ned to the welding industry, but were 
bited in sharp relief during the establish- 
t of a code for welded pressure vessels and 
ers. 

“Qualifying the welder” has been one of the 
itiest points. The aim, of course, is to insure 
only skilled, reliable, and conscientious 
Who is 


certify as to these things? What tests can be 


rkmen be used on important jobs. 
posed to measure skill? Does a small test 
piece represent the condition of a long joint? 
low can you be sure that a workman who 
passes a test on Friday will do good work after 
the week-end holiday? (Installation of “auto- 
matic” machinery only pushes the problem a 
little further off, for someone has to adjust the 
machine and watch its operation.) 

When all these questions are satisfactorily 
answered, next comes the problem of certifica- 
tion. Should certificates of skill be good only 
for a definite shop, a definite process, and a 
definite class of work? How can you make them 
non-transferable? How can vou keep clear of 
the politicians and other racketeers, who estab- 
lish licenses primarily for taxation and to pro- 
vide soft jobs for their henchmen? 

Extended studies, such as the investigation 
of welds in structural steel by the American 
Bureau of Welding, have answered most of the 
questions about how to test welders, and the 

msistency of their performance. These re- 
juirements have found their way into codes or 
specifications covering important welded work, 
ind the testing of welders has generally been 
done by casualty companies who later insure 
the completed installation (and who are not 
particularly well organized to do this work), or 
by inspectors in the employ of the purchaser. 
Sometimes this involves duplication of work, for 
jobs may be in a shop at about the same 
e, and each inspector require his own certifi- 
on, even though one crew of workmen would 

do all the work. 

lt can therefore be taken as distinet 

ind step when one of the well-known and 

vervative testing and inspecting organiza- 
has been able to institute a “National Weld 


ne Bureau.” In addition to routine in- 
Spochion during manufacture and erection of a 


ed structure (in line with corresponding 


s es rendered 50 vears or more) the testing 
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laboratory will, after proper investigation, cer- 
tify the fabricating shop as competent to per- 
form Class A welding. 

One such certificate from an independent 
agency should therefore be suitable for all 
customers, at least for a limited time. It is 
understood that the individual welder is not to 
be “licensed.” but that after passing the neces- 
sary tests, a document bearing his photograph 
is issued by the testing laboratory to his em- 
plover, certifying that his performance on 
definite classes of work, using definite tools and 
equipment, is thus and so. Presumably this 
certificate expires in the time set for a re-check 
of his ability, and certainly is non-transferable, 
either as to workman or as to shop. 

Naturally such certification cannot nullify 
other code requirements as to fabrication, in- 
spection, and proof test. It should, however, 
have an important favorable influence upon the 
mental attitude of many potential consumers of 
important welded products and writers of mu- 
nicipal building codes, and lead promptly 
toward wider acceptance of this modern method 
of manufacture, fabrication and erection, 


use metal « » use metal 


NOW that the Government is de- 


pending so much and appar- 


A New 
Slogan 


ently successfully upon the 

psychological effect) of symbols 
and slogans (“NRA” and “We Do Our Part”), 
steel treaters can follow suit with a slogan of 
their own. Use Mevar is not a bad one brief, 
lo the point, and representative of their prin- 
cipal aims. Use is constantly being 
argued with many who are now using concret 
or wood or ceramics or fabric or synthetic chem- 
ical substances. 

Sharp competition, industry vs. industry, 
among such competing materials is bound to be- 
come keener. What better, then, than that the 
chief proponents of fine metal start right at 
home, and bear constantly in their own minds 
the thought Use Mera. The more metal that’s 
used, the more business their firm will have, the 
more employment for fellow members, and the 
more important their own position will become. 
use metal 


use metal « use metal 
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By A. L. Marshall and Maynard C. A 


aboratory, CGieneral Fle. tr 


RIGHT ANNEALING 


IN MIXED GAS 


N the annealing of polished low carbon stecl 
the 


where it is necessary preserve orig- 


inal finish unimpatred, it has generally been 
understood that good results could be obtained 
the 


Which a neutral or reducing atmosphere was 


by heating material in a closed container 


maintained. It has usually been assumed to be 


hecessary to remove moisture from the gas and 


in regular mill practice it is dried with con- 


oi centrated sulphuric acid. For this service com- 


mercial hydrogen, dissociated ammonia, pro- 


oven gas, and even natural gas 
The 


although 


ducer gas, coke 


have been used. last two have given indif- 


tha ferent results, is possible lo operate 


with coke oven gas which has been carefully 


purified. 
the Sche- 


has been 


In an investigation conducted at 


research laboratory a study 
the 


mixtures obtained by 


nectady 


made of effect on hot steel strip of gas 


the combustion of hyvdro- 


carbon-containing gases in a deficiency of air. 


Phe conditions to be observed in using these gas 
have been investigated. 
bright 


commercial equipment using them, comparable 


mixtures rigorously 


Successful annealing has been done in 


with results obtained by the use of hydrogen or 


dissociated ammonia. 


Schenectady city gas with insufficient air 
refractory tube filled with crushed refractory 
impregnated with catalyst. AIL ethylene and 


methane up to 10 


oxygen was then removed; 


appeared to exert no influence on the surface of 


the annealed metal other than that of a dilu: 
of the active gases. 
The first indications of the complications 


use of complex gas mixtures | 
the 


monoxide 


attending the 


bright annealing came from use of a gas 


containing 25° carbon and 
The steel strip was heated for sey 


(12000 F 


hvdrogen. 


eral hours at 650 ina quarts 


with this gas flowing through, and at the end o! 
the experiment it was badly etched and had 


matte finish. (Phere could be no questior 


alternate oxidation and reduction in 


as we were dealing with a stro! 


The 


etch became! 


periments, 


reducing atmosphere.) drier the gas 
the the 


It is a common experience in contact 


made, Worse 


vsis that the catalyst becomes more active \ 
the 


in this case that the steel is active 


use and surface rougher. It has been 


sumed 


catalyst for several possible reactions bet 


the components of the gas. Two reactions 


been studied and the rema! 


Gas atmospheres described Abstract of paper for — of this paper will deal with 
later were made by burning Detroit Convention, A.S.S.T. phase of the investigation, 
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The important constituents of the gas phase 
carbon monoxide, carbon dioxide, hydrogen, 


| water vapor. The two reactions to be con- 


( 


lered among these components are the “pro- 
er gas reaction,” 2 CO = CO, + C, and the 
iter gas reaction,” CO, + H, = CO Ho. 
Equilibrium data for these two reactions 
as follows, where the concentrations are 


pressed in atmospheres: 


onstant k 
of Constar 
To nperet PO T 
VFOLE 
4 
4 842 5 
ari 7, AAP 
UU40 U.cUL 
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8 584 
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If the compositions of the gas do not cor- 
respond to equilibrium conditions at the tem- 
perature of the experiment, it is possible for 
these reactions to be responsible for etching 
the steel. The most important temperature is 
the maximum temperature used, namely 650 
(., since it is well known that reaction rates 
increase with temperature and hence the reac- 
tions would be proceeding most rapidly at the 
highest temperature used. 

We have been able to demonstrate that both 
of these reactions are responsible for etching. 
When mixtures are taken in which (CO) 
0.350 and (CO) CHO) -:- (CO.) CHL) 
(00, there is no visible change in the appearance 
of the steel when heated for as long as 15 hr. 


at any temperature below 650° CC. (The gas 


ist be completely freed from unsaturated 
drocarbons and oxygen.) 
here are two other reactions to be con- 
sidered, but these are easier to control. It is 
essary to maintain compositions which avoid 
dizing conditions during cooling from 650 
vn to S005 C. These can be determined from 
equilibrium conditions for the reduction of 
oxide by carbon monoxide and hydrogen, 
ctively: 
FeO + CO = Fe + CO 
FeO + H, = Fe + H,O 
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Without going into the experimental work 
it may be said that CO, must not exceed 75% 


of the CO in the gas atmosphere to avoid oxida- 


tion by the first-mentioned reaction. As to the 


second reaction: Five per cent of water vapor 


in hydrogen cannot oxidize steel at any tem 


perature above 300°C. (975) in fact, with 


(C.O).) (CO) 0.75 it is possible to work with 
(HO) (IL) 0.25 without oxidizing steel at 


any temperature below 650° CC. Since the car- 
bon oxides, hydrogen and water vapor occur 
simultaneously furnace atmospheres, their 
mutual relationships must be controlled. As 
the CO, to CO ratio goes up, the HLO to HH 
ratio should be correspondingly lowered. 

If all these conditions are met, it is possible 
to anneal low carbon steel with a wide range of 
compositions of mixed gases and leave the sur 


face of the sample unchanged. 
Role of Moisture 


Two photomicrographs 250) diameters 
illustrate very clearly the important role plaved 
by moisture in these gas mixtures. (They were 
selected from a large number to be published in 
the complete paper.) The same gas was used in 
both these experiments but for one sample it 
contained water vapor, while for the 
second the moisture content was 2.6% (satu- 
rated at 22° C.). In the first case the water gas 
constant was 0.019, while in the latter it was 0.28, 
Experiment has shown that if the ratio (CO) 

(CO,) be less than about O.10, the ratio 
(CO) (HO) (CO.) (HL) may be made as 
low as 0.06 to 0.07 before etching begins. In 
these photographs the parallel lines are roll 
marks and the black patches in the left micro 
are pits caused by catalytic activity in promot- 
ing the “producer gas reaction” and the “water 
gas reaction.” 

A considerable body of experiments have 
been performed to justify the conclusions, and 
the results will be given in tabular form when 
the full text is published in Transactions. Many 
of the successful gas mixtures are non-explosive 
when mixed with air in any proportion. The 
(CO)? (CO.) ratio falls naturally into a value 
less than 0.35 when city gas is burned with 2, 


2!., or 3 parts of air and cleaned of ethylene 


33 


7 
4 
x 
| 


and oxvgen. The moisture can then be easily with hydrogen containing 20°. water va; 


adjusted so the water gas reaction constant lies without any appearance of oxidation on coo! 


in the range 1.0 to 0.06, and the gas will not the sample slowly from the annealing temp: 
fe oxidize steel when annealing or cooling, These ture to room temperature. 
nea conclusions have been successfully demon- With gas mixtures containing CO, CO 
strated in a commercial installation for bright and less than 0.757 EL, the ratio (CO)* -. (C4 
annealing low carbon steel. can be increased to about 30 before etch 
starts to appear. When about 6° hydroge: 
Etching Effect of Gas Mixture present, the sample etches badly with a 
(CO)? 2.6. 

: In summary, it may be said that complex With the ratio (CO)* : (CO.) kept at © {0 
vas mixtures containing carbon monoxide, car- or less, the value of (CO) (HO) — (CO,) (EEO) 
bon dioxide, hydrogen, and water vapor will can be varied from 1.0 to 0.06 without 
etch low carbon steel at 650°C. (12007 F.) appearance of etching. When the latter ra 

ns unless the compositions are maintained within falls to 0.02 the sample starts to etch bad 
certain limits. The reactions responsible for With the value of (CO) (ILO) (CO.) 
etching, when it occurs, are the producer gas maintained at O50 the ratio (CO)? (CO) 
eat reaction and the water gas reaction. cannot exceed 0.50 if the sample is to be 
EAN It is possible to anneal low carbon steel nealed to 650° C. without etching. 
| | | 


Cold Rolled Steel Strip After Annealing at 650° C., Magnified 250 Diameters. 


Analysis: CO, 4.8% Analysis: CO. 4.8% 
CO 10.0 CO 10.0 
H. 19.6 H, 19.6 
H.O 0.18 H.O 2.6 
(CO)? 0.21 (CO)? (CO.) 0.21 
(CO) (HLO) (CO.) (HL) 0.019 (CO) (CO.) (HL) 0.28 
Light Etch 
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iarnet Phillips, Met 


lurgist, Frank Foundries C Moline, Ill. 


Mi urine METHODS 


FOR ALLOY IRONS 


LLOY gray irons have been produced by 
the Frank Foundries since 1919.) During 
the ensuing 11 vears the technique of 
production in all its phases has been gradually 
improved and refined. 

Nickel was used in some of the metal first 
produced, primarily for assuring machinability 
of castings with higher physical properties. 
loday a variety of alloy irons is made which 
may be classed according to the alloving ele- 
(1) Nickel, (2) chro- 
mium, (3) nickel-chromium, (4) nickel-copper- 


ments used, as follows: 


chromium, (5) nickel-chromium-molybdenum, 
(6) nickel-molybdenum, and (7) molybdenum. 

Alloy irons now made may also be sub- 
divided into three other groups according to the 
total carbon content. The first group, which 
is produced by cupola melting of metal mix- 
tures containing steel, has a range of 3.20. to 


do total carbon. The second group, which 


ve usually melt in an electric are furnace, has 
fotal carbon range of from 2.50 to 3.00°, 
the third group, which contains the majority 


of the irons with over 206 
} 


alloy, is also melted 
ie are furnace and has a total carbon con- 
of less than 2.50°, 

in order to indicate the widespread use of 
arious alloy irons, a list of common appli- 
is in several industries may be given 
)means a complete catalog. The automo- 
industry uses alloy castings for clutch 


ure plates, brake drums, sleeves and cyl- 
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inder liners, and exhaust manifolds. Pumps 


installed in refrigeration units absorb evlinders, 
connecting rods, and pistons of alloy iron. Heat 
treatment of steel and alloy parts in hundreds 
of scattered plants depends on high alloy heat 
resisting castings for conveyor chain links, an- 
nealing pots, carburizing pots, lead pot grids, 
and hearths. Pig molds for casting machines 
handling blast furnace metal are another, outlet 
in the metallurgical industries. Oil and gas 
burners, both domestic and industrial, use cyl- 
inders, collars, disks, and flame spreaders of 
special irons. At other places boiler plants 
we find tuveres, fuel conveyors, coal plungers, 
and clinker grinder points. Even in farm im- 
plements, where costs are figured very closely, 
evlinder liners, brake drums, and gears of alloy 
iron will give most for the dollar. 

Some of the properties required in the 
above-mentioned castings are wear resistance, 
pressure resistance, abrasion resistance, heat 
resistance, high strength both at ordinary and 
elevated temperatures, and ability to harden 
on quenching. Fortunately, not all of these are 
required simultaneously, but any of them are 
beyond the range of common gray iron, 

In order to produce alloy irons consistently 
of uniform physical properties, it is necessary 

have a controlled melting procedure which 
is strictly adhered to at all times. 

The greater portion of our tonnage is 


melted in the cupola. Its operation has been 
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standardized with the following objects in 
mind: (a) To produce metal at the highest tem- 
perature possible over 28007 F., (b) to hold 
oxidation losses to a minimum, and (¢) to keep 
operating conditions uniform, so that very little 
carbon and sulphur are picked up during melt- 
ing and the pick-up is low and as nearly con- 
Stant as possible. 

Starting at the beginning, one must control 
the raw materials. We make every effort to 
secure high quality and uniformity. Byproduct 
coke is used, purchased from reliable sources 
only, It meets and surpasses the standard 
AUSJELM. specifications for foundry coke, has 
vood strength to resist crushing, burns rapidly. 
Iv its use we are able to produce cupola melted 
metal at a temperature of about 28307 F. con- 
sistenthy, with low sulphur and carbon increases 
during melting. It has not been necessary for 
us to resort to combustibility tests to achieve 
these ends. 

Pig irons are held to close limits in chemical 
analysis. Sulphur, phosphorus, and manganese 
are held to standard specifications, but 
silicon is given special attention. Ten pigs from 
each car are selected at random, sampled, and 
analyzed individually. Our specification calls 


for a maximum allowable variation of O.125' 


ered Forehearth From Which Metal into the stream from the 


silicon for any class of pig iren. This mx 
that each pig in a car load of about 50 | 
must have a silicon content ——in the cass 

3.60°) silicon iron within the range 3.48 
3.72%. (This may seem a narrow range, 


we have never had much difficulty in gett 


it in fact, we expect to narrow the rang 
plus or minus 0.075';, since that seems to 
readily obtainable. In general, the closer sili: 


specification merely means that the furna 


4 


segregate their production into a large number 
of lots, instead of mixing cast after cast into 
one huge pile.) This method of checking pi 
iron was started some three or four vears ago 
after considerable trouble was traced to pig 
irons of widely varying composition in a singh 
car load. 

We have thoroughly tried charcoal pig 
special low phosphorus, copper-free pig and 
similar types. An excellent series of tests was 
made on sleeve castings which were machined 
and burst hydrostatically. No advantage of 
kind was found for these special irons during 

test using as high as 35‘. charcoal iron in thy 
metal mixtures for a period of about two weeks 

No purchased or “foreign” serap is used 
in the mixture for alloy iron. Investigation of 
various classes showed that variations in com 


position were too large for oul 


Velts Continuously, the Skim- Is Tapped When Occasion War ally considered first’ class, low 

Being Collected in a Cov rants. Alloying elements are dropped phosphorus material) were ana 


little hopper 


lyzed by our laboratory about 
two years ago, and the following 
ranges of composition wer 
found: Silicon 2.78 to 1.79%, cat 
bon 3.68 to 2.917, sulphur 0.1! 
to 0.071, phosphorus 0.512 | 
0.099°°, manganese 1.00 to 0.1! 
nickel zero up to and 
mium zero up to 0.24 

What scrap iron is used |s 
provided by sprues and. 
scrap from our own foun 
both from alloy and gray n 
castings. Our gray iron is moc 
from metal charges contains 
purchased scrap and a comp 
tively high percentage of pig 
but the analysis is under 
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‘trol of the metallurgical department. 


Fluxing materials are limestone 


d fused sodium carbonate; both are 
er pure, 

While the present article has to do 
imarily with melting methods, it is 
rtinent to remark that scientific con- 
ol must also extend to the foundry 
wor. Daily tests are made on sand 
caps for moisture, permeability, and 
ond strength. At 
lests are run and seacoal content deter- 


intervals fineness 
mined. Sand must not be too dry or too 
wet, must be sufliciently permeable, and 
have a bond strength above a specified 
minimum the values are standard- 
ized for the various classes of castings. 
In general, we use the minimum amount 
of moisture, the maximum permeability Ih 
consistent with finish desired, and the 
strength. All 


particularly on production 


lowest practical bond 


molds, in general, 


work, are rammed, squeezed, or jolted ex- 
tremely hard. <All new sands are tested for 
moisture, permeability, bond and fineness. 

At present a 60-in. inside diameter cupola 
is being used to melt iron at the rate of about 
1.0 tons per hr. Speaking generally, it may be 
said that the sole aim of our efforts is to pro- 
duce uniform cupola metal consistently. 

After the bottom is put in and a wood fire 
lighted, bed coke is filled in up to the top of the 
tuyeres. This is burned through completely; 
then the bed is brought up to 50 in. above the 
lop of the tuveres and charging started. After 
the cupola is charged, the blast is immediately 
put on and the heat begun. 

Charges weigh 1500 Ib. of which 43°: is 
is pig iron, and 22° steel rails cut 
lo 24 in. Coke used per charge is about 15’ 
weight of the metal charge, or 2214 Ib. Air is 
held at 6100 to 6300 cu.ft. per min. 


leaks about the cupola) and is held at con- 


(including 
int volume throughout the day. Pressure in 
wind box is 7 to 815 oz. Limestone per 
rge weighs 70 lb.; one cake of sodium car- 
ite (2.2 Ib.) is also added. 

The special feature of our melting is a 
ionary receiving ladle forehearth which 
ives the melted metal coming continuously 


i the cupola. Slag passes off from the 
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tric Furnace Is Used Principally 
for High Alloy, Low Carbon Castings 


cupola through a slag spout in the usual man- 
ner; clean molten iron passes under a trap or 
skimming spout and flows into the forehearth. 
The color of the cupola slag is a good indication 
of melting condition. A light grav color, with 
a slight greenish tinge shows that oxidation of 
iron is at a minimum. 

One cake of sodium carbonate (2.2 Ib.) is 
added to the stream about as often as a charac 
is made at the top, so a fluid bath of alkaline 
slag covers and desulphurizes the accumulated 
metal. No auxiliary heat is used except at the 
start of the day, when an oil torch is used to 
bring the lining to a bright red heat 

The forehearth has a steel cover, brick 
lined, with a central opening 12. in. square 
through which all fumes are carried out of the 
building by a smokestack. 

The metal loses from 4 to 55) FB. in tem 
perature in the forehearth and is tapped out as 
desired by the molders at about 2780) F., where- 
upon the alloys are added in the following man- 
ner: A funnel is suspended over the forehearth 
spout through which are slowly added to the 
stream of iron weighed amounts of the various 


allovs, such as nickel shot, ferrosilicon, ferro- 


manganese, ferrochromium, or ferromolyb- 


denum, to produce one ladle of alloy of the 
composition desired. 


Quick control and inspection tests are made 
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Fracture of 1%2-In, Square Bar Cast Against Chill Is 
Used to Control Total as Well as Combined Carbon 


by catching a small ladle of metal from = the 


stream as it passes into the forehearth, and 
pouring chill test bars and step-bars. The chill 
depth and appearance of the fracture enable 


the experienced operator to detect any appreci- 


able variations in) composition of the non- 


alloved metal. Control of carbon content: of 
this metal is all-important, since the carbon 
other things being constant largely deter- 
mines strength, hardness, machinability, and 
shrinkage. Our laboratory runs rapid carbon 
analyses while the heat is being run on samples 
from the first of the cupola heat, from the mid- 
dle, and from the last. A minimum carbon con- 
tent has been set as well as a maximum. If the 
analyses show variations from = standard, the 
metal mixture is changed so that the carbon 
content of the metal charge entering the cupola 
is raised or lowered, as the case may be, a suf- 
ficient amount. This practice, along with the 
standardized cupola operation, has largely 
climinated scrap losses due to shrinkage and 
hardness, 

After the alloved metal is tapped into 
ladles, test bars are poured for strength tests, 
chemical analysis, and examination of fracture. 
About one set of test bars is poured for each 
3 tons of iron melted. They are illustrated and 
described at length later in this article. On cer- 
tain castings (such as brake drums, Knight en- 
gine sleeves, and evlinder liners) a set of test 
bars is poured from each ladle of metal. Such 
castings are all dated and serially numbered. 
A checker notes the serial numbers of the cast- 
ings poured with each ladle so that a permanent 
record is obtained for each casting of the metal 


composition and strength of bars. If a ladle of 


38 


metal is found to miss the specifications, 


castings poured with it are scrapped. 
Control Test Bars 


Three test bars are used for rapid con! 
of composition of cupola and alloy iron 
chilled bar, a wedge test bar, and a step test | 
Examples photographed herewith are mad 
cupola melted iron No. 3 of the table on page | 

The first bar, which has been longest in 
on cupola alloy iron, is a chill test bar 1.5 
square by 6 in. long, and is cast against a 2 
iron chill. The fracture illustrated shows the 
following: White iron at top, 3s in. thick: a 
laver of mottled iron next, “, in. thick; then 
fine gray fracture for °, in.; the balance is 
slightly coarser gray iron. This bar is allowed 
to cool to dull red before taking it out of the 
mold and water cooling, and is not as rapid as 
the two bars described later. Measurements are 
taken from the chilled face inwards, the aver 
age thickness of the area being estimated. Only 
one bar is cast to a chill, to avoid heating the 
latter. In addition to obtaining the depth of 
chill, the comparatively wide gray fracture also 
permits an estimation of total carbon, since the 
fineness of the outer portion of this gray areca 
is somewhat proportional to carbon content. 

The next bar is a “wedge” test bar which, 
triangular in cross-section, is cast vertically in 


a baked oil-sand core with the big end up. The 


bar is taken from the core immediately after 


Wedge Bar Cast Vertically in Core 
to Control Electric Furnace Tron 
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dification, the big end water cooled to black; 

n the base of the triangular section is water 
led to black. The pointed edge, which chills, 
Is in air. This bar is quickly made and 
vctured and is used principally to control 
ctric furnace irons. The fracture illustrated 
ows White iron ss in., mottled ¥; in., and the 
lance grav. The measurements are made 
ross the bar at the widest point of the area 
cing measured. 

The step bar is molded in a green sand drag 
with a cover core for a cope. Seven patterns 
ire mounted on a plate; an individual cover 
core is placed over each step bar so that one 
bar may be poured at a time and removed about 
one minute after pouring. The big end is water 
cooled while the small end air cools. One view 
shows the bar re-assembled (it is cast flat side 
up) and another the ends of the fractures. Frac- 
ture of the ,',-in. step is all white; the !,-in. step 
has white edges, the ',-in. and the “,-in. steps 
are all gray. This step bar is used on electric 
furnace irons as a further check on the wedge 
bar, and on cupola irons as a check on “splits” 
for changes from soft gray irons to alloy irons, 


or vice versa. 
Utility of Electric Furnace 


We have an electric are furnace of the 
rocking type which is used whenever alloys low 
in carbon must be produced. principal 
utility is to generate very high temperatures (up 
to S100) F.), which will melt irons of any car- 
bon content desired as well as any alloy con- 
tent. There is, of course, a limit to the amount 
of cold metal which can be absorbed by iron 
running out of the cupola forehearth, but the 
electric furnace can take any alloy in any quan- 
ity and maintain it at temperature — while the 
inetal is being tested and analyzed. 

We have not been able to improve our 
pola melted alloy irons materially by super- 
iting them in the electric furnace. We be- 
ve this is due to the high temperatures 
ched by the cupola metal in passing through 

melting zone. Therefore, the electric fur- 

e is used principally to supplement the 
ola by melting irons that are impractical or 
ossible to produce in the cupola. 


Typical examples of the cupola and elec- 
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tric furnace alloy irons produced, with their 
physical properties, are given in the table on 
page 11. They indicate the possibilities of the 
modern foundry in the production of alloy 
irons. Chemical analyses and hardness tests 
were made on 1.20-in. diameter transverse test 
bars 21 in. long. Transverse test bars were 
broken on supports 18 in. apart, and modulus 
of rupture and modulus of elasticity calculated 
from test data at breaking load. Tensile tests 
were made on standard A.S.T.M. bars machined 
from the broken transverse bars. Check tests 
are also frequently made on bars cut from cast- 
ings. A daily record is made of the pattern 
numbers or code of all alloy iron castings, to- 
gether with data as to the base metal used and 
the amounts of alloys added. This permanent 
record, kept by the metallurgical department, 
now dates back seven vears, and assures that 
the correct alloy iron is used for a re-order, no 
matter how long the casting has been out of 


product ion. 


Physical Properties 


In selecting alloy irons for particular uses 
from the point of view of strength, it is well to 
remember that the irons that show high ten- 
sile values (as determined by cast test) bars 
made under conditions most favorable for 
sound specimens free of shrinkage cavities and 
internal stresses) have high shrinkage, and that 
the castings poured from them are not always 
stronger nor as sound as those poured with 
metal which shows lower tensile strength in the 
test bars. 

As an example, evlindrical castings with a 
wall thickness of “, in. as cast, which we pro- 
duce in large quantities, were tested hydro- 
statically to failure after finish machining. 
The castings are machined all over and have 
a wall thickness of ', in. and an inside diam- 
eter of 4!, in. The bursting pressure ranges 
from 2700 to 3000 Ib. per sq.in., which corre- 
sponds to tensile strengths of from = 15.900) to 
Tb. per sq.in. (computed by the thin- 
walled pipe formula). Test bars machined 
from transverse bars of 1.20 in. diameter and 
cast tensile bars of various diameters from 0.875 
to 0.375 in. show tensile strengths of from 37,000 


to 15,000 Ib. per sq.in., when cast with the same 
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metal. The same castings poured with metal tainable, Brinell hardness tests across the diam 
showing 55,000) to 60,000 Ib. per sq.in. tensile eter of a cross-section of a 51!-in. solid cylinder, 
strength on test bars, burst at pressures ranging 12 in. long, may be quoted as follows: Eda: 
from 1700 to 2700 Ib. per sq.in. The lower burst- 259, 255, 241, center 2418, 241, 255, edge 255.) Th: 
ing pressures were in all cases due to shrinkage *y-in. sprue used to pour the evlinder had 

defects, as the castings are diflicult to feed prop- hardness of 248. The chemical analysis mad 
erly during solidification. on drillings taken from the center of the evlin 

In veneral, we have found excellent agree- der corresponded to electric furnace iron No 
ment in the tensile strength of cast tensile test 18 (table on page opposite) except that nicke! 

: bars and test bars cut from castings poured was up to 1.70. 
with alloy irons with tensile strengths in’ the The use of alloy irons has shown a steady, 
range from: 85,000 to 55,000 Ib. per sq.in. This consistent growth. Cupola alloy irons have sup 
agreement, of course, depends in large measure plemented and broadened the field) of noi 
on gating and risering in other words, on the alloved irons. The newer electric furnace alloy 
ability of the foundryman to produce sound irons still further broaden the fields of applica 
castings, lion of cast irons. 

Castings of widely varving metal sections It is hoped that the data presented in this 
mav be produced with uniform hardness and article will give the members of the various en 
other physical properties when they are cast of gineering professions who use alloy irons a be! 
a proper alloy iron with low total carbon. As ter understanding of the production methods, 
an example of the uniformity of hardness ob- properties, and possibilities of this material 
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Bar Used to Check Results of Wedge Bar Cupola lron Is Changed at Mid-leat 
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ALCOA 


SPEEDS the wheels of Transportation 


Speed and more speed, with safety, comfort and economy 

that’s what the transportation industry wants today. 
And that’s just what the alloys of ALCOA Aluminum 
offer. Here's the metal with the strength of structural 
steel, yet only one-third the weight. The metal that lops 
off tons of dead weight, cuts power and maintenance 
costs, permits swift starts and quick stops, lets the 
engine pull heavier loads at higher speeds or the same 


Upholstered aluminum chairs for co 
forced vent 
vision, double windows set 1n stationary, alt 


inside panes shatterproof. All the comtorts of ! 


| hapes of 


the many torms at shal 
used for interior trim, fittings and 


tion (air-conditioning, 1f you wash 


nfort; restful lighting; 
wide, clear 


Meet The Clark Autotram 
America’s first streamlined, aluminized 


railcar for mam line operation. Forty 


passengers ride in club-car comfort 


Modern in desiyn . . . modern in materials. 
Center sill of strong ALCOA Aluminum 
" tan 


plates al structural shapes $9° 6 


long, and nota s} lice trom bumper to! Imper 
] > +! nang! 
Posts, carlines, sheath or, Interior panels 
ind trim all fabricated from the light, strong 


loys of ALCOA Aluminum. Even the 
wheels are aluminized, with shock-absorbing 
rubber to smooth the ride and deaden the 
noise. Result: a hizh factor of safety, 9 tons 
ot useless dea l-wewht elin nate 1, faster ac 


celeration, quicker stops, lower power costs, 


load at less cost. Above all, properly designed alu: 
cars are safe. This light weight, high strength 
permits building cars with an increased factor of 
and ability to withstand shock. 


Not only in railroading, but in street cars, motor | 
mine cars, truck bodies, overhead cranes, factory 

wherever mass is in motion 
alloys cut down mass and speed up motion, with s 


ALCOA Alu 
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furnishings 


be 


_.. and the wheels of y 


t Alum 


num Tanks Ever Fabricated on Pacific 


| by a soap company for storage of fine 


T woof the tanks are 12 ft.in diameter 


The third is 11 ft. in diameter by 


“Made of 14" ALCOA Aluminum 
itt welded, with ALCOA Aluminum 


r-coils. Why aluminum? Because 


im is non-contaminating 


hly. ALCOA Aluminum in many 
se lors so difterent in character 


Railroad—Working in the shop, too, 
re work with | 


» ve Hie, 
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has ime in} | 
tu t ts, be tus 
nt tir Just 
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y other | bre s } 
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ur industry, too 


No matter what industry you're in, 
Aluminum can speed up your produc 
tion equipment, make your product 
more practical and attractive. Aluminum 
cuts dead weight off machines, makes 
for easier, faster work. Aluminum 1s 
non-contaminating, no Mattel what 
comes in contact with it. It’s non 
magnetic, high in heat and electrical 
conductivity. Yet despite its light 
weight, it has the strength of structural 
steel. Used in your product, it lessens 
weight, adds beauty and attractiveness. 
Even the paint made with aluminum 


pigment can help in your plant, by 
brightening up interiors, protecting 1n 
side and outside surtaces from smoke, 


acid fumes, rust and weathering 


Tell us the nature of your business, and 
we Il tell you how Aluminum can help 
you, either in production equipment or 
in product improvement. We Il also tell 
you how to use, form, or handle ALCOA 
Aluminum. ALUMINUM COMPANY of 


AMERICA; 1801 Gulf Bldy., PITTS! 


Nol ibout the 

manutacturers | Here's 

er. An oasis that 

ing, motor housing, fan blades, tu s ' 

invs are all of ALCOA Aluminum. They cut 

the weivht to just 20 Ibs. Alumulite fins! odie 
ew that stavs | 


Lifts the Deadweight from Lift-Truck | 
ht in the truck n s | t 
x. ALCOA A y castings for 
ross h s, kur lw ALCOA 


ALCOA ALUMINUM 
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Martensite with Ferrite and Pearlite 
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Micros 1-C-11 to 1-C-15 at 
1000 diameters. Granular 
pearlite (or ferrite) was un- 


are obtained by quenching 
medium-small pieces of 1 
carbon steel from 760° to 
790° C. (1400 to 14500 
4 . . . 
os after holding varving times 
re: 
at quenching temperature 
. 
1-C-21>° 
he 
= 6 ~ 
~. “4 9 


Martensite and Ferrite 
Structures are produced by cooling rates, while usually increases inward from surface (or som: 
quenching, too slow for complete formation what below). All micros made by SKF Researé 
at 1000 dia., etched with 1% nite 


of martensite. Quantity of secondary ferrite Laboratory, 
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Nitrided Cast Iron Cylinder Liners 

URIN, Trary A rational application of 

knowledge recently acquired about the 

< itriding of steel (noted in my May letter to 
W Procress) has solved the problem of 
: nitriding cast iron. Its practical importance is 
b confirmed by the excellent service obtained 
from different machine parts. 
One of the fields where it has given the 
i most excellent results is the manufacture of 
$ evlinders and cylinder liners for all types of 
= reciprocating motors and pumps. Several plants 
- devoted exclusively to the manufacture of such 
evlinders are now in operation or under erec- 
tion in France and Italy. By far the greatest 
part of the production is cylinder liners for 
internal combustion engines. 

As the first requirement for obtaining a 
vood nitrided iron free from superficial brit- 
tleness, is to reach the greatest possible disper- 
sion of both the ferrite and graphite in the 
microstructure, it is evident that the casting and 
heat treating conditions have a paramount in- 
fluence on the quality of the product and its 
performance in service. 

In the special case of cylinder liners, the 
best results have been obtained by centrifugal 
casting, followed (after rough machining) by 
ur hardening from about 1725° F. and reheat- 
ng to produce a Brinell hardness in the soft 
ore varving from 255 and 3820, according to the 

: size and form of the piece. 
4 The metal generally used is a chromium- 


tuminum iron, having approximately the fol- 
owing composition: Total carbon from 2.10 
280°). silicon from 2.10 to 2.80°,, manganese 
om 0.90 to 0.70%, chromium from 1.30) to 
0%. aluminum from 0.60 to 0.806, sulphur 
d phosphorus each less than 0.07%. This 
nis melted in a revolving furnace and poured 
ry hot in a small ladle which contains the 
rrect amount of aluminum. 

The inner surface of the cylinders is finish 


chined and the external surface is protected 
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against nitriding. The pieces are then nitrided 


at a temperature of 950 to 9700 F. Experience 
has proved that a temperature slightly higher 
than that 


ducing the brittleness of the outer layers. 


generally used for nitriding steel 


gives better results, especially in re- 


When an iron of the above-mentioned com- 
position is nitrided for 60 to 70 hr., a surface 
hardness of 900 to 950 Brinell-Vickers is ob- 
tained. The nitrided layer is about 0.016 in. 
thick. After nitriding at 985) F. for the same 
time, the hardened layer is 0.004 to 0.008 in, 
thicker, but the surface hardness is reduced to 
700 to 750 Brinell-Vickers. 

It would take too much space to quote a 
suflicient number of data to review the practical 
results obtained with nitrided cylinders. One 
illustration must suffice: The motor of a tour- 
ing car had three cylinders equipped with 
nickel-chromium steel linings, heat treated to 
Brinell hardness of 4100; the three others were 
After run- 


ning 22,000 miles the nickel-chromium iron cyl- 


of the above-described nitrided iron. 


inders were oval by 0.0059 in. while the wear of 
the nitrided eylinders was less than 0.0004 in. 
It is only natural that under these conditions 
the oil consumption is greatly reduced by the 
use of nitrided evlinders. 

Fepenico 


Heat Treated Wire Tested Under 
Steady Load 


RBANA, Ibu. 


Gartner has carried out a preliminary series 


During the past vear, F. W. 


of tests at University of Illinois under the 
writer's direction on heat treated cutectoid steei 
wire (not galvanized). This note is given pub- 
licity at this time as further work will probably 
vo slowly, on account of lack of funds. The re 

sults are merely preliminary, but in the wire 
tested it seemed very difficult to get anything 
approaching a spreading crack. 

The wire tested was in two forms and was 
furnished by a manufacturer of spring wire. 
One was bare 0.040-in. strip with a vield point 
of 182.000 (load necessary for O.75'. elongation) 
and ultimate strength of 235.500 Ib. per sq.in. 
(slightly stronger than round galvanized brida 
wire). The other was !,-in. wire slightly weaker 


than the above. 
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Vachine for Loading Round Wire Specimens 


Testing equipment for long time tests under 
steady load is shown in the illustration. For 
the strip the sheaves were 5!4 in. diameter, and 
for the wire 20 in. These diameters were so 
chosen, because the elongation of the outer fiber 
of the wire, bent around them, was the same as 
the clongation at the “Johnson elastic limit,” 
taken from the stress-strain curve of a tension 
test. From this point on, the stress was in- 
creased by the calibrated spring to whatever 
was desired. To aid in microscopic examina- 
tion of the samples (at 50 diameters) all the 
specimens under test were polished down to 
FEE emery dust on oil-soaked felt. 

Four of the twelve specimens tested were 
very carefully preformed so the loop hung snug 
to the sheaves. Exact diameter of mandrel and 
necessary length of wire were found by trial 
and error, The others were merely placed 
around the sheave and drawn up. One-third of 
the samples had the entire direct load (ranging 
from 8000 to 50,000 Tb. per sq.in.) added imme- 


diately; the others (including the preformed 
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specimens) were loaded by increments at 12-hy) 
intervals, and thus simulated the creeping loa: 
occurring during the erection of a suspensio 

bridge. All specimens were explored by micr 

scope, and suspicious markings (about eight p 

specimen) were recorded and re-examined a 
intervals of one to three days. 

No breakages have occurred (three of th: 
specimens are still under load) and the onl 
mark to develop into an unmistable crack i) 
these twelve specimens was on one of the roun: 
wires, not preformed, loaded with 30,000 Ib. pe: 
sq.in. by calibrated spring at time of mounting, 
and this load not changed. The crack was not! 
observed to be present at the time of loading, 
but appeared to grow with time, although dull 
ing of the polished surface made estimation dil 
ficult. After the load had rested 47 days, thi 
wire was dismounted and examined at. high 
power; a true crack was found; other suspicious 
markings proved to be corrosion effects or sur 
face blemishes. The microstructure was fing 
sorbite, and numerous fine inclusions were scat 
tered about. 

It is believed that this crack was not in th: 
wire when mounted, but it evidently could nol 
be due to a creeping load or incorrect preform 
ing as the test load was quiescent and the wir 
was not preformed. A slight blemish or slag in 
clusion may have been an important factor in 
the starting of the crack, but it must be remem 
bered that a perfect surface is a commercial 
impossibility. 

H. F. Moors 


Professor of Engineering Materials 


Surface Crack in Round Wire at 2000 Diameters 


METAL PROGRE 


= 


7 | 
25/26! 27/2 


FRIEND AN 


D NEIGHBOR 


( 
out upon the farms, is the helpful service of the 


‘Lose to those who live in small towns, and farther 


telephone operator. 

In the truest sense, she is both friend and 
eighbor. Ties of kinship and association bind her 
those whose the 
(through her switchboard pass many messages 


to voices come across wires. 
it are important to the life and business of the 
mmunity. 

Bright and early in the morning she puts 


rough a call that helps a farmer locate a drill 


sowing oats. Another connection finds out 1f 


n Thomas, “over near Bogard,” is feeding a 
nch of calves and needs any shelled corn. An- 
er gets the latest price on heavy hogs for Bill 
pson, and helps him catch the market near the 


IERICAN TELEPHONE 
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top. Through the day she aids in calling a 
doctor for Mrs. Moore, whose baby 1s ill. Plugs in 
an emergency call that sends an ambulance east of 
town. Puts through a long distance call for Bob 
Roberts, whose boy attends the state college. Then, 
through the night, stands ever ready to help those 
in need. 

Constantly in her mind and activities is one 
fixed, guiding purpose... “Speed the call!” And 
the further thought that she serves best when she 
serves withcourtesy andsympatheticunderstanding, 

In the bustle of the city, as in town and coun 
try, that is the established creed of every employee 
of the Bell System. Its faithful observance in so 
large a percentage of cases is an important factor 
in the value of your telephone service. 
COMPANY 


AND TELEGRAPH 
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Annealing Diagram 
ERLIN, Germany Readers of Merar Prog- 
KESS may be interested in a modification of 

the iron-carbon equilibrium diagram which 
shows the temperatures at which carbon steels 
should be annealed. This diagram was pub- 
lished a few months ago in Maschinenbau, and 
has been well received for its practical value. 
It is to be noted that the temperatures for 
normalizing and for softening anneal of hypo- 
eutectoid steels are the same. The operations, 
of course, have different objects in view. Nor- 
malizing, as performed in Germany, is intended 
to (a) produce a fine grain and homogeneity, 
prerequisite for other heat treatments or for 
machinability, (b) to give certain desired ten- 
sile properties, or (¢) to reerystallize cold 
worked steel. A softening anneal, on the other 
hand, is to eliminate forging structure (as before 
case hardening), to recrystallize, or to soften. 
Heating in both cases should be no longer than 
to complete the solid solution. Cooling for nor- 
malizing is in air; for a softening anneal it 


should be no faster than 85) F. per hr. down to 


Temperatures Suitable for Various Annealing Operations 


Austenite 


1200 ~F. (the slower, the softer the steel wi 
be); below that it may be more rapid. Con 
bination treatment, normalizing followed by a) 
nealing for nodular cementite, gives the soft 
and most ductile hypo-eutectoid steel. 

High carbon steels do not usually need no 
malizing above line S-E, unless they have be 
somewhat overheated. Cooling should then | 
in air. If the cementite network does not exis! 
steels can be softened by reheating above lin 
S-A. Air cooling in either 
sorbite, difficult to machine, and this can | 


case may produ 


corrected by reducing the cooling rate or by r 
(Sorbite also 


frequently exists in tool steel bars, as rolled.) 


annealing just below line S-K. 


Normalizing, followed by a softening anneal, 
frequently results in improved strength, elon 
gation, and hardening structure. 

Best machinability of many tool steels is 
had when three-quarters of the cementite jis 
nodular, and the remainder is in fine lamella: 
pearlite. For such structure the steel may be 
more or less completely spheroidized by soaking 
just above the critical, as shown in the diagram, 
then reheating briefly slightly higher to redis 
solve the correct amount of carbide, and then 
cooling in the furnace at the correct rate for fin 
pearlite (about 35° F. per hr.). 
Soaking for softening a hardened steel 
quires up to several hours, depending on com 
position and dimensions. Furnace cooling is to 
be preferred. Long time at heat tends to spher 
oidize the cementite in the pearlite. 

Temperature and duration of the softenin 
anneal for cold worked metal depend on tly 
amount of working, the desired properties, and 
the bulk of the metal. 

ADALBERT JUNG 


Interrupted Hardening of Spring Wire 


-LBOURNE, Ausrrania After reading | 
Diergarten’s article and Dartrey Lew! 
letter on the interrupted hardening of stee! 
decided to make a few simple experiments alo 
the same lines. 
The first was to quench two 12-in. leng! 
of spring wire, 0.256 in. diameter, from 1! 
F., one in cold oil, the other in a salt bath hea! 
to 450° F., where the wire was held for 30 s 


before it was allowed to cool in air. On remo’ 
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SIXTY HEATS as AGAINST TWO 


As an evidence of the logic of getting 


the right Refractory in the right place 


ERE are two photographs that tell an important story—that emphasize the importance 
of the proper selection of refractories. 

On the left a furnace shell lined with “Carbofrax”—The Carborundum Brand Silicon Car- 
bide Refractory after sixty heats. 

Note the condition of the “Carbofrax” Brick—little or no erosion—negative -palling and 
cracking—the lining still good for further operation, 

On the right a shell lined with fire clay brick after two heats. In some places the brick 
has eroded and melted down to the shell—the lining has practically disappeared. 

Both linings used in a special reduction process under exactly the same conditions. 

Proof positive that the proper selection of a refractory pays whether it is brick for 
boiler furnaces, hearths for heat-treating furnaces, or muffles for ceramie work—all of 
which are included in the complete line of super-refractory products made by The Carbo- 
rundum Company— 

HIGHER FIRST COST IS NOT TO BE CONSIDERED WHERE THE 
SERVICE RENDERED MORE THAN JUSTIFIES IT 


66 Fk 99 THE CARBORUNDUM BRAND 
CARBO RAX SILICON CARBIDE REFRACTORY 
BRICK - - TILE - - MUFFLES - - CEMENTS 
( Visit the Carborundum Exhibit, at the National Metal Exposition ) 


‘HE CARBORUNDUM COMPANY «= PertH AmBoy, N. J. 
District Sales Branches: CHICAGO, CLEVELAND, DETROIT, PHILADELPHIA, PITTSBURGH 


nis: L. F. MeCONNELI Birmingham, Ala. PACIFIC ABRASIVE SUPPLY CO., Los Angeles, San Francisco, Seattle DENVER FIRECLAY CO... Fl Paso. 
“TY FIREBRICK COMPANY, St. Louis . HARRISON & COMPANY, Salt Lake City, Utah : WILLIAMS AND WILSON, LTD., Mootreal- Toronto, Canede 
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from the salt, the wire was soft enough to bend 
with comparative ease, holding each end in a 
pair of tongs. 

As soon as the piece quenched in salt was 
cold enough to be handled, the diamond pyra- 
mid hardness of both pieces was measured by 
means of a Firth Hardometer. In both wires 
it was S34. 

Later | made a second experiment but was 
obliged to use wire from another coil. The wire 
in the first case analyzed C Mn O.68',, 
Si 0.28., P and S In the second 
the carbon was 0.77 but otherwise it had a very 
similar analysis. 

The results of the second trial are as fol- 
lows: Quenched from 1500) F. into salt at 150 
held min. and cooled in air: 512 Brinell; 
held } min. and cooled in water: 719 diamond 
pyramid; held 5 min. and cooled in air: 512 


Brinell; held 5 min. and cooled in water: 587 


diamond pyramid; quenched in cold oil fro; 


I might add that these soft quenched an 


834 diamond pyramid. 


air cooled wires became hard before they we: 
cold enough to be touched with the hands. T! 
water-cooled ones were hard when taken fro 
the water. 

HAMILTON FERGUSON 


Metallurgical Use of Calcium 
Phosphate 


ROSNY, U.S.S.R. 


mous body of phosphate rock was disco 


Ten years ago an eno: 


ered in the tundras north of the Arctic Cirele. 
near our most northerly seaport) Murmansk 
Since then about 50,000,000) tons have been 
blocked out, and about 250,000 tons vearly ar 
being mined for treatment. 

The “ore” contains three chief minerals, 
apatite or calcium phosphate, nepheline or alka 
line alumino-silicate, and titano-magnetite. It 
analyzes from 22 to 32°, P.O... It is ground and 
passed through flotation cells, after which th 
P.O.) is) changed 


apatite concentrate 


THE R. R. MOORE 
FATIGUE TESTING 
MACHINE 


| 
A thoroughly practical and reliable 
machine for determining the life 
of metals. Adaptable to various 
shapes and sizes of specimens. 
e It has proven its value in the 
laboratories of scores of industrial 
corporations, government depart- 


ments and universities. 


Detroit Representative: 
STEEL CITY TESTING LABORATORIES 
Detroit, Mich. 


THE THOMPSON GRINDER COMPANY 


1534 WEST MAIN STREET 


WRITE FOR OUR PAMPHLET ON FATIGUE TESTING 


SPRINGFIELD, OHIO 
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AIR SERVICE 


anywhere.... 


A new development—this small Spencer Multi-stage centrifugal 
compressor. It is built on the same principle as the larger Spencer 
machines—will give the same reliable service and last for years. 


PRESSOR The illustration shows how easy it is to connect this turbo to a small 
hes gas-fired furnace. It is a self-contained unit requiring no special 
. foundations or connections—just hook it up and the advantages 
of individual service with its perfect control and low operating 
costs begin. 


This unit, first introduced at the Power Show, is already being used 
to solve special problems on many forms of heat treating equip- 
ment, gas boosters and other devices requiring low pressure air. 


Specifications can be varied to meet special conditions. What are 
your requirements? 


THE SPENCER TURBINE COMPANY, HARTFORD, CONNECTICUT 
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T200R.P.M. 
Wet m. 
Weight 40 Ibs. 
— in @1338 


FOR PRECISION AND SPEED IN THE PREPARATION OF 
METAL SAMPLES FOR MICRO-ANALYSIS 


GUTHRIE: LEITZ 


Automatic 


POLISHING 
MACHINE 


ONE- TWO- 


and FOUR 


SPINDLE 
Models 


ae “Guthrie. 


Leitz” Automatic 
| Polishing Ma- 


chine is designed 


to reduce toa 


mintmum all of 


4 the various fac- 
tors through 
tear which the prepar- 
ation of metal 
samples by hand proves so undependable. By means of a magnetic hold- 
ing and oscillating device, allelements of human equation are eliminated. 
With this machine, it is possible to measure the pressure, speed, time, 
‘ amount of abrasive, ete.. thus saving time and labor and making it 
possible to entrust the preparation of even research samples in the 
hands of an unskilled operator 
in outstanding feature of these Polishing Machines is that the 
specimen can readily be removed for examination during oper- 
ation. Write for Literature: 


Catalog No. 1196 “Guthrie-Leitz”’ Automatic Polishing Machine 


DEPT. 360 


K. Leitz. 4 mid’. 60 E. 10th ST., NEW YORK 


Char Carburizers. with 10% new added, 
vive uniform activity. Other carburizers 
require new added. . . . This means 
longer life of material with Char Car- 


burizers ten runs instead of four —— and 


correspondingly lower costs. 


CARBURIZERS 


for kconomy and Quality Results 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 
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chemically into fertilizer or exported for a si: 
ilar purpose. 

Several interesting experiments have be 
made with the raw ore and concentrates in 
effort to replace imported ferrophosphorus 
other alloys. For instance, it was charged i: 
cupola with low phosphorus pig iron, and 1! 
phosphorus in the melted metal was doubl 
No bad effects on the lining were noticed, and 
the slag was fusible and liquid, even thoug! 
but litthe limestone was used on the burde: 
It is planned to mix it with the blast furnac 
charge in order to produce high phosphorus 
pig iron in places where only low phosphorus 
iron ore is available. 

High phosphorus steel has been produced 
with phosphate rock at the Baltic Shipyards 
(Leningrad) both in electric and open-heart) 
furnaces. A small electric furnace melted a 
ton of ship plate scrap with 110 Ib. of apatit 
A cast of high grade metal analyzing 0.31%. cat 
bon, silicon, manganese, 0.38 
phosphorus, and 0.065°. sulphur was produced 

A second heat was then made in a 7-to! 
acid open-hearth furnace. During the boiling 
period two charges of apatite concentrate wer 
made; with the second 65 Ib. of ferrosilicon was 
introduced to aid in the reduction, together wit! 
some sand to flux the calcium oxide.  Afte 
refining and adding ferromanganese the meta! 
was normal, and cast after 6 hr. 15 min, Ana! 
ysis was 0.11) carbon, silicon, ma 
ganese, 0.29°) phosphorus, and sulphu 

Such material is favored by our engineers 
for such things as nuts, and in the past it lias 
been produced by adding some 40 Ib. of 
ported ferrophosphorus per ton of. steel. 
would appear that equally good results can 
had with calcium phosphate. 

Comparative tests have also been mad 
the non-ferrous foundries in Leningrad. Cr 
ble-melted ingots of bronze, deoxidized with 
crushed ore, were compared with others trea’ 
with phosphor copper. In both cases the m« 
was sound and suitable for the intended p 


pose. In another foundry, which uses a ‘2 


METAL PROGR 


CHAR 


This Page Does NOT Contain 


Complete Information on the NEW 
FOXBORO POTENTIOMETER PYROMETER 


e So many New and Un- 
usual Features are found in 
this temperature recorder that 
we have room below to list 
only the most outstanding 
ones. You may get complete 
information from our BUL- 


LETIN No. 190 which willbe 


sent to you free on request. 


The latest addition to Foxboro’s complete line of indicating, recording 


and controlling instruments is designed to meet industry’s tempera- 


ture measurement needs. Each feature has a definite industrial sig- 
nificanee. . . . Foremost among these features are: most complete Instrument 

Service. Our corps of skilled 
\ rapid eycle of recording. Any number of records from one to six Engineers will be glad to ad- 
\ unique design of balancing mechanism. on a twelve-inch chart. vise you on any problem of 
\ novel inking device for multiple-record A vibrationless, silent, cushioned power Measurement of Control, 


instruments. drive. 


\ universal, moisture-proof and fume- Integral pen and slide wire contact 


REG U.S PAT OFF 
Send for your copy of Bulletin 190 today — no obligation. THE COMPASS OF INDUSTRY 


THE FOXBORO COMPANY, FOXBORO, MASS., U. S. A. 


BRANCH OFFICES IN PRINCIPAL CITIES 
COMPLETE INDUSTRIAL INSTRUMENT.\‘ION_ 
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The Foxboro Potentiometer Pyrometer 
flush mounted. Enclosed terminal entrance box. O x BOR 


Certain Curtain Hardening 


gives you a far greater 


Margin-of- Safety 


in heat treating tool steels 


Just a few seconds extra heating time has often 
spoiled a high speed steel tool being hardened. In 
most furnaces, there is at best a dangerously short 
Margin-of-Safety between the Point-of-Perfection 
and the point of spoiling the tool through scaling, 
grain growth or fusing of delicate edges. 

In a Certain Curtain Electric Furnace, this Margin- 
of-Safety is 


a matter of minutes! 


In a series of new tests and experiments recently 
conducted, tools have been held twice to five times 


Point-of- Margin 
Perfection of-Safety 
(nher Tool held proper length of root 
farnaces | time at desired i temperature SPOILE! 
Point - of 


Pertection MARGIN — OF — SAFETY 


CERTAIN [Tool held proper length of | Tool may be held many minutes past Point of 
FURNACE - me at desired temperature | Maximum Hardness without injuring the steel 


NACE 


the normal period at hardening temperature, some- 
times as much as 30 minutes. But due to the per- 
fected Certain Curtain control of Atmosphere, 
these tools have come through uninjured either as 
to scaling, decarburization or grain growth. Ina 
Hayes Furnace, maximum hardness is obtained be- 
cause the steel can be held ample time without 
fear of injury. You obtain MAXIMUM efficiency 
from your steel and ELIMINATE spoilage! Send 
for the interesting new Bulletin which shows effect 
of controlled furnace atmosphere in _ retarding 
grain growth even when usual margin of safety 
has been exceeded by several minutes — also other 
conclusive tests. 


NEW BULLETIN: 


“Effects of Atmosphere Control in Pre- 
cision Hardening” — free upon request. 


C. 1. HAYES, Inc. 


Makers of Electric Furnaces... est. 1905 
129 Baker Street, Sessitiaiee, R. I. 


2281 Seranton Road 148 Crestwood Avenue 
Cleveland, Ohio Buffalo, New York 


L. W. HAYDEN 
26 So. Fifteenth Street 176 Felton §$ treet 
Philadelphia, Pa New York, N. Y. 

L. C. LOSHBOUGH Cc. A. HOOKER 


202 Forest Ave., Royal Oak 


2626 W. Washington Blvd 
Detroit, Michigan 


Chicago, IHlinois 
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WITHOUT 
QUALITY 
COMPETITION 


HEAT AND CORROSION 
RESISTANT ALLOY CASTINGS 
FROM OUNCES TO TONS 


GENERAL ALLOYS 


c M PAN Y 


BOSTON - CHAMPAIGN 


JESSOP’S 


Superior 


Oil-Hardening Steel 
| 


Non-Deforming Tool 
and Die Steel 


Manufactured in 


Sheffield, England Since 1774 


Wm. Jessop & Sons 


O 8 F A 
NEW YORK BOSTON CHICAGO 


121 VARICK ST. 163 HIGH ST. 1857 FULTON ST. 


TORONTO 


59 FREDERICK ST 


Agencies and Stocks throughout the United States 


METAL PROGRE 5S 


[ELECTRIC( JEURNACES|; 
CURTA\S 
| 
| 


to visit BOOTHS 130 and 153 at 
THE NATIONAL METAL CONGRESS 


ALSO EXHIBITING 
THE FOLLOWING GRASSELLI PRODUCTS 

TINNING FLUXES 

a Process and Product for Cadmium Plating — 
THE GRASSELLI CHEMICAL CO. 


NATIONAL METAL 
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REG. U.S. PAT. OFF. | 
OY 
Detroit... Oct. 2nd—6th and watch a 
practical demonstration of pickling steel 
GRASSELLI INHIBITORS | 
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electric furnace, melts of brass and bronze are 
made under a blanket of apatite ore. A little 
phosphorus is reduced and enters the metal, 
which in turn removes oxygen, and the thick 
layer of slag minimizes vaporization losses 
(2.5', instead of 9% as formerly). 

B. M. 


Light Metals in Germany 


CHWEINFURT, two-thirds 

reduction of the dead weight is, of course, 
the fundamental cause of the widening use of 
light metals in machine construction. Further 
impetus to the use of the hardenable aluminum 
allovs came after the expiration, at the begin- 
ning of 1932, of the patents for duralumin owned 
by the Diirener Metal Works. 

The vear 1909, in which Alfred Wilm dis- 


Convenience in Hl ARDN Ess TESTING 
Makes for SPEED, 
ECONOMY, ACCURACY 


The MONOTRON has now come into gen- 
eral use by discriminating establishments 
because 


A. It has the required Adaptability and con- 
venience in operation upon which speedy 
and satisfactory service 
depends. 


B. Two Dials show more 
than any one Dial tester, 
solving problem of ap- 
plication to all known 
materials of any hard- 


ners 


Not Most 
Machine to Install. 


For additional information 
see our Bulletins 
also Bulletin aivina list 
of satisfied users, sent free 


For a Good Single 
Dial Tester We Offer 


The SCLEROSCOPE 
(Latest Impr oved) 


k, accurate, more 
popular than ever, it has 
the only simplified (Centi- 
grade) scale which ix un- 
derstood and quoted = the 
world over. The only tester 
that is 100% portable, and 


operative on work of un- 


limited size. Accurate con- 


versions to Brinell. The SCLER.- 
Bulletins S No. 22 and 5 OSCOPE, 
The MONOTRON No. 30 mailed free. 100% Portable. 


THE SHORE INSTRUMENT MFG. CO. 
Van Wyck Ave. & Carll St. Jamaica, New York,N. Y¥ 


covered precipitation hardening, as well as 
excellent development work performed by 
Direner Metal Works, will remain as | 
points in the history of light metals. The w 
“duralumin™ remains legally the property 
Diirener, and in addition it has adopted 
name “Durener original duralumin” to mark 
product. To those interested in the history 
metals, an excellent resume of the commer 
development of light metal alloys in Germany 
is given in Zetlschrift fiir Metallkunde, Janus 
1927, under the tithe “100 Years of Aluminun 
By cooperative action of the various pI! 
ducers other than Diirener Metal Works, thy 
Vereinigte Leichtmetallwerke G.m.b.H. at Bony 
becomes a central bureau, which on the basis 
of its wide experience, can give advice and 
formation on any problem in the field of light 


metals. “Bondur™ has been placed on the mar- 
ket by this association as an alloy corresponding 
to duralumin. 

The hardening properties of “bondur” ar 
due to the addition of about 2 to 5 Cu, 05 to 


2.0°. Mg; manganese, silicon and iron are pres 


ent in small amounts. (Continued on p. 62) 


\ reduction of 64° in cost was effected | 


at one plant by Rotary Carburizing Ma- 


chines. A more uniform product is ob- 
tained and machines have the flexibility 


which is so highly appreciated today 


W rite for additional details. 


American Gas Furnace Co. 
Elizabeth, New Jersey 
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nduro tubing 


HOLDS MANY POSSIBILITIES 


As knowledge of ENDURO, Republic’s Per- 
fected Stainless Steel, becomes more widespread, 
its uses in the form of tubing multiply. Industry 
after industry is finding new uses for tubing 
made of this life-long metal—where tubing 
stronger than carbon steel yet lighter in weight 
is required—where tubing resistant to corrosion 
in the highest degree is required—where it is 
necessary to employ tubing that will withstand 
high temperatures without scaling and that will 
show high creep strength—where tubing must 
convey food products and freedom from metal- 
lic contamination is a vital consideration—and 


where chemicals must pass through tubing with- 
out change in their composition. 

Electrunite Tubing is made by electrical re- 
sistance welding of cold formed strip of the 
correct stainless analysis to meet specific ser- 
vice conditions—ENDURO 18-8 and other 
chromium-nickel analyses. It is manufactured 
in a wide range of sizes, shapes and finishes. 
And the selection of the correct grade of 
ENDURO is made easy through the wide ex- 
ee of the metallurgical staff of the world’s 
argest producer of alloy steels. 

Descriptive literature will be sent on request. 


Licensed under Chemical Foundation 
Patents Nos, 1316817 and 1339378. 


STEEL AND 


TUBES, INC. 


WORLD'S LARGEST PRODUCER OF ELECTRICALLY WELDED TUBING 


CLEVELAND + OHIO 


A UNIT OF REPUBLIC STEEL CORPORATION 
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ELPFUL LITERATURE 


YOURS FOR THE ASKING 


Two new types of Turbo-Com- 
pressors are described in recent 
publications of Spencer Turbine 
Co. Uses for the ts hp. Turbo are 
presented, as is a description of the 
new single stage Turbo-Compressor 
which affords tremendous econo- 
mies in low pressure gas and oil 
fired equipment. Bulletin Sp-70. 


Aluminum vs. Corrosion 


In the carefully prepared booklet, 
“Combating Chemical Corrosion 
with Alcoa Aluminum,” published 
by Aluminum Co. of America, ef- 
fects of various corrosive agents 
upon aluminum and its alloys are 
described in detail. It is an excel- 
lent and convenient source of in 
formation on this subject. Bulle- 
tin Sp-o4. 


Hardness Testing 


Everyone interested in the testing 
of metals for hardness will do well 
to have on hand a copy of a catalog 
recently issued by Wilson Mechani- 
cal Instrument Co., illustrating and 
describing the latest design of 
Rockwell Hardness Testers and 
auxiliary work supports. Bulletin 
Sp-22. 


Conveyor Furnaces 


Full deseriptions and photo- 
graphs of furnaces for economically 
heat treating small and medium 
sized parts are given in an 8-page 
bulletin covering continuous chain 
belt conveyor furnaces made. by 
Electric Furnace Co. Over 50 such 
furnaces are now operation. 
Bulletin Sp-30. 


Cyanide Baths 


Much practical information on 
the heat treatment of steels with 
eyanides and salts is contained in 
a descriptive booklet of E. 1. duPont 
de Nemours & Co., R. & H. Chemi- 
cals Dept. The booklet contains 
many valuable suggestions for im- 
proved quality heat treating.  Bul- 
letin Sp-29. 


Electric Furnaces 


Full details of the line of electric 
furnaces made by Hoskins Mfg. Co. 
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are well presented in their latest 
42-page catalog. Contents include 
description and data on 17 types of 
furnaces and some valuable infor- 
mation on Chromel resistance wires 
and thermocouples. Bulletin Sp-24. 


New Heat Controller 


“Straight Line Control” of fur- 
nace temperature is possible with 
the Trendalizer Controller made by 
Brown Instrument Co. There is no 
zig-zagging across the control point, 
because this unique device changes 
its control action in accordance 
with both temperature trend and 
extent of deviation. Bulletin Sp-3. 


Choosing Nickel Steel 


International Nickel Co. has an 
ingenious chart to show at a glance 
the nickel alloy steel compositions 
and treatments needed to develop 
yield points in section sizes from 1 
to 12 in. It is useful in selecting 
bars, shafting and forgings of sim- 
ple shape. Bulletin Au-45. 


New Foxboro Pyrometer 


Foxboro Co. describes the new 
Foxboro potentiometer recording 
pyrometer in a recent bulletin. The 
outstanding features are a new de- 
sign of balancing mechanism, abili- 
ty to make from one to six records, 
a 12-in. chart, rapid recording cycle 
and a moisture-proof case. Bulletin 
Au-21, 


Sheffield Steel 


Wim. Jessop & Sons, Inc., in a re- 
cent publication explain why their 
Sheffield) Superior oil hardening 
steel does not distort and is easily 
machined. They assign as reasons 
a special anneal and a proper bal- 
ancing of the carbon, manganese 
and tungsten contents. Full details 
are presented in Bulletin Jn-61. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con- 
taining various percentages of va- 
nadium. The information given is 
complete and authoritative.  Bul- 
letin S-27. 


X-Rays in Industry 


General Electric X-Ray Corp. has 
available a_ profusely illustrated 
brochure entitled “Industrial Appli 
cation of the X-Ray,” which gives 
the complete story of the field of 
application of this modern inspec 
tion tool. Valuable information is 
presented. Bulletin Ma-6. 


Scleroscopes 


The model D standard recording 
scleroscope is described and illus- 
trated in a recent publication of 
Shore Instrument Co. The theory 
and practice of hardness testing 
with this portable machine as de 
scribed in this bulletin reveal a 
of valuable facts. Bulletin 
3. 


High Cr Cast Iron 


A pamphlet describing foundry 
production of cast irons containing 
from 15 to 30% of chromium has 
been issued by Electro Metallurgical 
Co. These cast irons do not grow 
or scale after repeated heatings and 
are excellent for high temperature 
work. Bulletin Ma-16. 


Globar Elements 


Globar electrical heating units 
and a variety of accessories fo! 
their operation have been cata 
logued by Globar Corp. A list 
the standard industrial type heating 
elements and a coordinated list o! 
terminal mountings and accesso! 
is included. Bulletin N-25. 


Fatigue Testing 


That much discussed topk 
tigue testing—is covered in a | 
lication of Thompson Grinder | 
Interesting data on fatigue of 
als and a description of the rotatis 
beam type of fatigue testing 
chine are presented. Bulletin ! 


Atmosphere Furnaces 


A new folder issued by Sui 
Combustion Corp. gives per! 
ance data on their atmosphert 
naces compiled from installa 
in actual production. Opera! 
described include bright anne 
of ferrous and non-ferrous m« 
carburizing, nitriding, forging ° 
out seale and hardening wt! 
scale. Illustrated. Bulletin A 


METAL PROG! 


uicker Heat Treating 


iver-Harris Co. discusses Ni- 
me sheet containers for heat 
ting in an illustrated folder 
ch honestly states that while for 
tain purposes sheet containers 
it be used economically, there 
a multitude of installations 
re their advantages of lightness 
quicker heating can be fully 
ized. Bulletin J1-19. 


of Molybdenum 


limax Molybdenum Co. offers a 
and useful 50-page booklet 
ing with the benefits conferred 
molybdenum as an alloying ele- 
t in iron and steel. In orderly 
shion engineering data are pre- 
ented and made clear with numer- 
s tables and illustrations. Bul- 
etin Au-4. 


“Vee-less” Arc Welds 


New literature covering a very re- 
cent development in are welding 
1as been prepared by Metal & Ther- 

it Corp. Known as Murex 
Straight Gap welding, the new proc- 
ess eliminates grooving or “veeing” 
the edges even of heavy plates. 
Welding time is halved and other 
savings are effected, it is claimed. 
Bulletin My-64. 


Low Cost Recorder 


Inexpensive dependability — in 
easuring and recording tempera- 
ture is the great asset of the new 
Leeds & Northrup round chart Mi- 
ix indicating recorder which 
rings the reliability and = easy 
iintenance of the motor-driven 
il recorder to a new low cost. 
Bulletin Ap-46. 


New Type Furnace 


\ new bell-type retort furnace 
ide by American Gas Furnace Co. 

be used in quick succession for 
rburizing, nitriding, bright an- 
iling in gas atmospheres, or for 
rdening, normalizing, tempering 

innealing. It is an ideal heat 
reating tool where production is 
videly varied in character.  Bul- 
etin Jn-11. 


New Zinc Coating 


Wire which has been zine coated 
the new Bethanizing process is 
escribed in Bethlehem Steel Co.'s 
test’ folder. This process pro- 
luees a zine coating which has 
ved to be more ductile, tighter, 
igher, more uniform and purer. 
‘tings 3 times as heavy as form- 
y can be made. Bulletin Au-76. 


Maintenance Welding 


(his interesting booklet describes 
use of the oxyacetylene process 
the reclamation of broken and 
machine parts, alteration, 
ication and installation of equip- 
'. Such equipment as piping, 
machine elements, engine 
pump parts and conveying 
ems is covered in the 16-page 
trated booklet of Linde Air 
lucts Co. Bulletin J1-63. 
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? Everdur Booklets 


Two recent publications of Amer- 
ican Brass Co. discuss Everdur, the 
high strength, corrosion resisting 
copper alloy. One covers its phys- 
ical properties and resistance to 
corrosion, the other tells how to 
weld it. Either or both will be sent. 
Bulletins JI-89a and JI-89b. 


Art of Metallography 


Bausch & Lomb Optical Co. offers 
a 130-page book, “Optical Instru- 
ments for Examining Metals,” which 
is a beautifully executed source of 
information on this subject. The 
book is at once a convenient refer- 
ence text on optics, a treatise on 
photomicrography and a catalog of 
B. & L. products. Bulletin Jn-35. 


Micro-Metallograph 


Metallurgists will be interested in 
the description of the Leitz Model 
MM-2 -Micro-Metallograph. This 
simplified instrument at low cost 
provides all essential optical and 
mechanical equipment to meet the 
requirements of industry. Bulletin 
Fe-47. 


To Prevent Rust 


The well known rust preventive, 
No-Ox-ld, is now available from 
Dearborn Chemical Co. as a foun- 
dation for paint. It is available in 
the colors red, gray or black. A 
booklet explains how maximum re- 
sistance to corrosion can be ob- 
tained. Bulletin Ju-36. 


Quenching Handbook 


E. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomic- 
rographs help tell the story. 
copy will be sent free to those who 
request it. Bulletin J1-38. 


Nitriding Facts 

Information on possible new ap- 
plications of Nitralloy and the 
nitriding process in view of recent 
developments may be obtained from 
Ludlum Steel Co. New economies 
in production and a better product 
may now be obtained. Bulletin 
Jn-94. 
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7016 Euclid Ave., Cleveland. 


Please have sent to me without charge 
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Stainless Sheets 


A very useful booklet describing 
the stainless steel sheets and light 
plates made by American Sheet & 
Tin Plate Co. gives recommenda- 
tions for fabrication and a descrip- 
tion of finishes and analyses avail- 
able. Bulletin Ap-96. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro 
mium-nickel and straight chromium 
alloys manufactured by General Al- 
loys Co. to resist corrosion and 
high temperatures, is contained in 
one of that company’s publications. 
Bulletin D-17. 


Welding Stainless 


An unusual amount of practical 
data is contained in a fine booklet 
just put out by Republic Steel Corp. 
which gives recommendations for 
welding the several Enduro stain- 
less alloys. Generously illustrated. 
Bulletin Jn-8. 


Roll Grinding 


Carborundum Co. has just pub 
lished a 50-page booklet on roll 
grinding which may be considered 
a handbook of available informa 
tion on this’ subject. Carefully 
written and amply illustrated, this 
treatise will undoubtedly be of real 
practical value. Bulletin Au-957. 


Big-End-Up 


Gathmann Engineering Co. brief 
ly explains the advantages of steel 
cast in big-end-up ingots, showing 
the freedom from pipe, excessive 
segregation and axial porosity. An 
82% ingot-to-bloom yield of sound 
steel is the usual practice. Bulletin 
Fe-13. 


Pickling Inhibitors 


A pamphlet describing the nature 
and use of Grasselli Inhibitors is 
available to all those interested in 
the pickling of steel. It not only 
describes the merits of these in 
hibitors, but it gives a table of sug 
gested inhibitor strengths to be 
used in the pickling of the various 
grades of steel. Bulletin Ap-95. 


the following literature as de 


Columbia 


TOOL STEEL 


We do not claim to 
make the only tool 
steel in America. 
But we do claim to 
make only the finest 
tool steel — and at 
no premium. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE AND WORKS 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


STAINLESS 


AND HEAT RESISTING ALLOY STEEL 
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AND LIGHT PLATES 
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|| In Alloy 


Insist upon USS Sraincess Steel Sheets — produced 
in anumber of grades and finishes, and adapted to a 
wide range of applications. Write for literature and 


a 


ar, 


full information on the following alloys 


USS Curomium-Nicxket Steels, A austenitic: 18-8; 18-12; 25-12 
USS Steels, Ferritic: 12; 17; 27 


ninm-Nickel Alicy Steels produced 
fa sndation, N bork. and Fried. Arupp A. G. ef Germany 

Thies Company manufactures a full line of Galvanized Sheets, Galvannealed Sheets, 
AMERICAN Black Sheets, Keystone Rust Form Roofing and Siding Products, Auto 
Resisting Copper Steel Sheets, Apollo Best mobile Sheets, Special Sheets, Tin and Terne 
Bloom Galvanized Sheets, Heavy - Coated Plates, etc. Write for further information 


AMERICAN SHEET AND TIN PLATE COMPANY, Pittsburgh, Pa. 


SUBSIDIARY of UNITED STATES STEEL CORPORATION ) 
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correspondence 


Heat treatment consists of quenching, usu 
from a salt bath into water, from 490 to 510 
(about 930° F.) depending on the size of 
piece. The alloy must first be thoroughly cold 


worked by rolling or pressing to destroy {)) 


cast structure. The composition quoted 


“bondur” is similar to a typical “duralumin” 
of Direner Metal Works, namely about 4% Cu, 
0.5'. Mg, and 0.5¢¢ Mn, together with the iron 
and silicon derived from the aluminum ingot. 

“Bondur” has a tensile strength of 57,000 
to 61,000 Ib. per sq.in. and an elastic limit of 
10.000 to 42.500 Ib. per sq.in., with elongation 
of 25 to 16% in the quenched and aged condi- 
tion. In the quenched and cold worked con- 
dition the values are 62,500 to 70,000) Ib. pet 
sq.in. tensile strength and 50,000) to 65,000) 
per sq.in. elastic limit, with 15 to 2% elongation 
depending upon the amount of cold work. Bri- 
nell hardness of 125 to 150 is attainable. It is 
practically non-magnetic. In impact strength, 
fatigue limit, and corrosion resistance, “bon- 
dur” 
be placed today on light metals. 


fills the highest requirements which can 


General physical data are as follows fol 


temperatures up to 100° C.: 


Specific Gravity ................2.8 grams per cu. 
Annealing temperature .............350° C. (66251 
Forging temperature ...... C. (842° I 
Freezing point ....... 650° C. (1202° 1 
Modulus of elasticity ......... 10,000,000 Ib. per sq. 
Coeflicient of expansion ............ 0.000023 per | 
Specific heat ......... 0.214 calories per gram per ‘ 
Latent heat of fusion .. 100 calories per gra 
Thermal conductivity ............. 0.35 in ¢.g.s. units 
Electrical resistivity ......... 59 microhms per cu 


It is noteworthy that neither tensile Ho! 
impact strength is adversely affected at 
temperatures; on the contrary, these values «! 
increased. Tensile strength and elongatio! 
60,000 Ib. and 22°, of a typical aged alloy » 
tested at room temperature increase to 62.” 
and 23°, respectively when tested at — 100 
These properties make the material par! 
larly applicable to aircraft construction. 

Hans DierGarres 
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U.S. Patents 
July 2, 1929 
Jan. 28, 1930 
Dee. 27, 1932 
June 13, 1933 


Rectangular Corrugated Cross Seec- 


tion for Improved Surface 


U.S. Patents 
April 24, 1917 


Jan. 2, 1923 
Feb. le, 1926 
Maret 15,1927 
Sept. 20, 1927 


Aug. 18, 1931 
June 27, 1933 


‘ig-End-Up Contour with Straight 
' pper Section and Cut Off Bottom 


Corners for Increased Yields 


of Sound Steel 


INGOT MOLD$ 


HIS Gathmann big-end-up ingot contour indi- 
cates a maximum yield of physically sound 
blooms of fine surface. Users of Gathmann Mold 
designs of this type effect savings of as much as 


$2.00 net per ton of ingot. 


Our licensed foundries will be glad to show you 
detailed prints of Gathmann corrugated contours 
they are supplying others. We suggest that you 
select a size suitable for your practice and give 
itatrial. It will cost you only $3.40 per ton of 
mold (our royalty charge) over other molds and 


will show you how you can produce better pro- 


ducts economically, 


If your foundry hasn't the particular size Gathmann 
Mold you would like to try out, we will prepare 
without charge a drawing to meet your specific 
requirements. 


LICENSED MOLD FOUNDRIES — Bethlehem Steel Company 


Shenango-Penn Mold Company — Valley Mould and Iron Corporation 


THE 


GATHMANN 
ENGINEERING 


BALTIMORE, MARYLAND 


Vulcan Mold and Iron Company 
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Lost Contracts / 


are often due to 
lack of knowledge of raw sansoctals 


Anyone doing heat treating or cold working in any 
form does not know his product unless he uses 
metallography. 

Not knowing his product, his business is vulnerable 
to lost contracts due to defects and inferior quality. 
Equipment necessary for metallography need not be 
expensive and the results obtained with it will re- 
pay the investment time and again. 


Bausch & Lomb manufacture a complete line of 


equipment for metallography including the FSM mi- 
croscope for visual observation, the S I for routine 
photomicrographic work, and the Large Metallo- 
graphic Equipment with its unlimited possibilities 
for advanced photomicrography over a wide range 
of magnification. 

May we discuss your problems with you? A request 
from you will command our fullest cooperation. 


From Cast Iron to Brass, the Metallograph tells 
the story. Above is a photomicrograph of Brass 


as worked and annealed. Below is one of Cast 


Iron as cast. Photomicrographs by Mr. J. Vilella, 
Union Carbide & Carbon Research Laboratories. 


Come to 


Booth 59 


NATIONAL METAL CONGRESS 
DETROIT - OCT 2-6, 1933 


or 


ELP ON YOUR 
EAT-TREATING PROBLEMS 


Driver-Harris Engineers will be 
in attendance ready to cooperate 


DRIVER-HARRIS COMPANY 


Harrison, New Jersey 


— = 
Ss 
— 


PURE CARBON-FREE 


metals 


Tungsten Powder___ 97-98% 
Pure Manganese___.~ 97-99% 
Ferro-Chromium 60% 
Pure Chromium ____ 98-99% 
Ferro-Tungsten 75-80% 


Ferro-Titanium 25% 
Ferro-Vanadium ___ 35-40% 
(1% Silicon) 

Send for Pamphlet No. 2021 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany Pittsburgh Chicago 
South San Francisco * Toronto | 


METAL PROGR 
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Bausch & Lomb Optical Co. || 
ohare: 638 St. Paul Street Rochester, N. Y. ! 
Or 


